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ANOTHER NEW G-E INSTRUMENT 


the CYCLE RECORDER 


INTERVALS OF TIME 
AS SMALL AS _ 
1/120 SECOND. 

HAS NEW 


XX 


O)ics again our General Engineer- 


ing Laboratory “comes through” with a 
new measurement development—this 
time at the request of the welding 
industry. 


It is the cycle recorder. It enables an 
operator of a resistance welder to get an 
accurate record, in one-half cycles, of 
welding time. He makes, say, ten test 
welds; of these only one may be satisfac- 
tory. He then obtains, from this new 
instrument, a record of the time re- 
quired to make that particular weld, 
and can adjust his production machines 
accordingly. 


A number of these new devices are 
already in service, showing the way to 
a better welded product at a lower cost. 


MEASURES 


INKLESS 
RECORDING 
SYSTEM 


Other Applications 


The full possibilities of the cycle 
recorder are yet to be discovered. 
Certain it is to find application 
in many fields where records of 
elapsed time, in the range from 
0.01 second to a few seconds, are 
desired. Minor modifications in 
design, which can readily be made, may further 
extend its field. 


Inkless Recording System 


The cycle recorder utilizes, for the first time, a 
new method of inkless recording. 


Here’s how it works. A stylus presses lightly on 
a moving strip of thin paper which runs over a 
graphite roll. By thus dispensing with ink, 
legible records are assured under all service 
conditions. 


The net price of the cycle recorder is $136, f.o.b. 
Schenectady, N. Y. For further details, see 
Bulletin GEA-2273, or call in a G-E meter 
specialist, whom you can reach through the 
nearest G-E sales office. 


HEADQUARTERS FOR ELECTRIC INSTRUMENTS 


OTHER G-E INSTRUMENTS 


Wherever your requirements call for 
electric instruments, General Electric 
can meet them. Types for every appli- 
cation are available in all sizes. 


Take advantage of the facilities of our 
General Engineering and Research 
Laboratories and make General Elec- 
tric your headquarters for electric 
instruments. For information on any of 
of the types illustrated, address the 
nearest G-E sales office or General Elec- 
tric, Dept. 6A-201, Schenectady, N. Y. 
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Medium-size portable 


Rectangular 


switchboard 


High-accuracy 
portable 
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Pocket portable 


Recording Laboratory standard 
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San Francisco-Oakland Bay Bridge at night, as seen when looking across the west 
channel from Yerba Buena Island, with San Francisco in the background. Electric 
power is playing a vital part in the building of this great bridge, a total connected 
load of some 18,000 horsepower supplying power for spinning the cables and 
meeting other power demands of the builders, as well as for lighting and com- 
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On the Pacific 
Coast for the 
first time, the sum- 
mer convention 
this year offers 
unusual oppor- 
tunities for turn- 
ing a convention 
trip into a vaca- 
tiontrip. Atthe 
left is shown the 
west facade of 
the high voltage 
laboratory at Cali- 
fornia Institute 
of Technology 


In This lssue— 


ROM the present paralysis of economic 

agencies and clogging of economic chan- 
nels, engineering education can scarcely 
escape modification with regard to its 
social attributes, even though it should re- 
main unaltered as individual scientific 
training. Thus spoke the president of an 
eastern university at a recent meeting of 
the Society for the Promotion of Engineer- 
ing Education (pages 132-6). 


ROS electric machines connected 
to overhead circuits require protection 
from lightning whether or not a transformer 
is interposed between line and machine. 
Various methods of protection have been 
proposed upon theoretical considerations; 
tests to determine the effectiveness of these 
methods are reported in this issue (pages 
137-44). 


PERATIONAL calculus is being ap- 

plied more and more to the solution 
of engineering problems, and hence many 
attempts have been made to broaden its 
application. In this issue, a method has 
been applied to the operational solution of 
electrical networks, wherein the initial con- 
ditions may be either rest or dynamic 
(pages 158-64). 


oY motor design is said to have 

passed into the period in which revisions 
and refinements in design methods are being 
made. A refinement in the calculation of 
secondary resistance is presented in this 
issue, with particular attention to the radial 
width of resistance rings connecting the 
ends of the rotor bars (pages 144-50). 


ISCUSSIONS of A.I.E.E. technical 

papers have been eliminated from the 
3 preceding issues in order that all 1936 
winter convention papers might be pub- 
lished in advance. Some of the discussions 
that have accumulated in the meantime are 
published in this issue (pages 167-209). 


SE SPE for inspection and tests of 

electrical equipment for use in hazardous 
locations have been developed to the stage 
where an accurate prediction can be made 
as to whether or not certain equipment can 
be operated safely where flammable liquids 
or gases are present (pages 151-8). 


LU NotRESeED cable lengths were calcu- 

lated, measured, and cut to be con- 
tinuous over 3 spans having a total length 
of almost 5,000 feet, in designing and con- 
structing a transmission line crossing over 
the St. Lawrence River (pages 164-7). 


[Eee 50th anniversary of the establish- 

ment of the a-c system in America will 
be observed appropriately by special meet- 
ings to be held by the majority of the In- 
stitute’s 61 Sections (page 210). 


(ee Institute’s 1936 winter convention is 

getting under way as this issue goes to 
press. A complete report of this event is 
scheduled for inclusion in the March issue. 
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Effective Co-ordination 


—A Message From the President 


ECENTLY Thad the pleasure of attending the annual 
meeting of the American Engineering Council held 
at the Mayflower Hotel, Washington, D. C. 

The majority of members of the Institute are familiar, 
I believe, with the development of American Engineering 
Council from the time that a joint body, Engineering 
Council, was created by the 4 Founder Societies in 1917 
for the purpose of establishing an agency to deal with mat- 
ters of common interest to engineers and to serve as an 
instrument for contact between engineers and the general 
public in so far as such matters concern the engineering 
profession and the public welfare. Fundamentally, this 
body provides the means whereby unified action may be 
taken when necessary, either to promote a more en- 
lightened public opinion, or to safeguard in a proper way 
the interests of the members of the engineering profession. 

The first day’s session, held on January 9, was devoted 
to a conference of secretaries of engineering societies, on 
which occasion matters pertaining to national, state, and 
local interests were discussed. At the luncheon Col. J. M. 
Johnson, assistant secretary of commerce, spoke on ‘‘The 
Engineer in Government and Business.” 

The session on the second day included a discussion of 
the economic status of the engineering profession, and at 
luncheon the delegates were addressed by Charles W. 
Eliot, II, executive officer of the National Resources 
Committee, on the subject “Economic Uses of Natural 
and Human Resources.’”’ At the afternoon session the 
delegates discussed the various reports of the public af- 
fairs committee. 

The All Engineers Dinner, with Dr. J. Francis Coleman 
presiding and Dr. Harrison E. Howe toastmaster, held in 
the ballroom of the Mayflower Hotel, was attended by 
over 600 engineers. Dr. William F. Durand, of Stanford 
University, past-president of the American Society of 
Mechanical Engineers, John Fritz Medalist 1935, and 
chairman of the Third World Power Conference, gave a 
most interesting and instructive talk on ‘‘Why the Engi- 
neer.” Ralph E. Flanders, past-president of the American 
“Society of Mechanical Engineers, spoke on “A Realistic 
Concept of the Engineer in Government.” Other guest 
speakers were the presidents of several of the national en- 
gineering societies. The retiring president, Dr. J. Francis 
Coleman, was presented with a scroll expressing the ap- 
preciation of the membership for his untiring and able ef- 
forts during his term of office, which embraced probably 
the most distressing period in the history of the engineer- 
ing profession. 

The session on the third day consisted of a business 
meeting, followed by the president’s luncheon. Dr. A. A. 
Potter, dean of engineering, Purdue University, and past- 
president of the American Society of Mechanical Engi- 
neers, was elected to fill the office of president of the 
American Engineering Council for the next 2 year term. 
That there are many exceedingly important movements 
which require engineering guidance is evident to anyone 
conversant with present-day affairs, and the engineering 
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profession is to be commended for its choice of Dean 
Potter, who is a most able, enthusiastic, and inspiring 
leader, as the head of the Council. 

From the beginning, the ideals and purposes of the 
American Engineering Council have been set on a high 
plane of public service. While it has not assumed that 
engineers were alone in their ability to render such service, 
Council has sought in its findings and recommendations, to 
be nonpartisan, unbiased, and guided in the expression of 
opinions by facts and experience. In such fundamental 
reports as ‘‘The Studies of Wastes in Industry,” ‘“The 
Twelve Hour Shift in Industry,” and similar inquiries, it 
has attempted to present workable answers to the eco- 
nomics of a changing world without being called ‘“‘capitalis- 
tic” or “‘socialistic’’ by those who may differ in the inter- 
pretation of the facts asfound. During the 15 years of its 
existence it has built up a good will and reputation for non- 
partisanship which can be counted as a primary asset not 
only to the profession and the governmental authorities, 
but also to the public, which both the engineering profes- 
sion and the governmental representatives serve. 

Committees have sought to express the considered opin- 
ion of engineers not only on questions involving specific 
legislation, but also on broad governmental policies, such 
as government organization, the merit system, the employ- 
ment status of engineers in government, and many others. 
The rapid expansion of government agencies in fields of 
engineering development in the past 2 or 3 years has added 
another function, namely, that of serving as an ‘‘embassy 
of engineers’’ available for counsel or advice on problems 
of organization and personnel of newly formed agencies 
of which engineering practice or engineering personnel are 
a part. 

Only through the deliberations of such a body can the 
best interests of the great profession of engineering and of 
its members be served and procedure formulated under 
which engineers may make their greatest contribution to 
all constructive and forward-looking movements. Both 
moral and financial support therefore should be given to 
the Council to enable it to continue to exert its broad in- 
fluence properly toward maintaining the integrity and well- 
being of the profession to the ultimate benefit of all its 
members. 

The work that the American Engineering Council has 
done in the past and the functions planned for the future 
as presented at its annual meeting give substantial evi- 
dence of the importance of its work. The members of 
the Council are well-qualified representative engineers un- 
der competent leadership, and we may be assured that 
they will ever strive to uphold the high ideals and purposes 
originally established in serving the best interests of the 
engineering profession. 


E Coc ceegee<— 


The New Epoch in Engineering Education 


Ney ot the time- 
honored tenets of 
philosophy is that 

the affairs of this universe 
consist of causes and effects, 
that a phenomenon is al- 
ways followed by an effect, 
that there is never an event 
without a cause, and that 
an effect is commensurate 
with its cause. To the ex- 
tent that this tenet is valid 
we may reasonably expect 
a disturbance. so catas- 
trophic in its proportions 
as the present great depres- 
sion to produce momentous 
effects in those spheres 
which it touches. The ex- 
tent to which engineering, 
and indirectly, engineering 
education, may be modi- 
fied is a matter that may well engage our attention. 
Recognizing the urgency of this question 
I purpose at this time to comment on 2 aspects of 
the matter: (1) the adjustment in curricula to suit 
new conditions, and (2) the probable status of 
engineering education in the post-depression era. 

In so far as educational processes consist of culti- 
vating the student’s power to think and his facility 
in expressing his thoughts, the results are applicable 
in any environment, and happily the bulk of the edu- 
cation process is of this enduring character. How- 
ever, because the transfer of mental disciplines is 
limited, and because applied science offers as good 
exercises for thinking as does ancient lore, in addi- 
tion to storing the mind with usable information, en- 
gineering education employs practical science in its 
processes. Hence, it is not of the cloister, but of the 
world of affairs—‘‘a product of industrial, social and 
political life and ideals,” to quote Professor Scott’s 
admirable report. Furthermore, in recent decades, 
the engineering profession has been gradually shed- 
ding its strictly technical chrysalis and emerging as 
one of the dominant influences in shaping economic 
affairs, and every new application of mechanical 
energy extends the circuit of its influence. Engi- 
neering education has been so drawn out of its isola- 
tion that the absence of change in the pattern follow- 
ing the crises of ’73, ’93, and ’07 does not prove that 
none will occur now. On the contrary, from the 
present paralysis of economic agencies and clogging of 
economic channels, engineering education can scarcely 
escape modification with regard to its social at- 
tributes, even though it should remain unaltered as in- 


* At the time of delivering his address, Dr. Williams was dean, college of engi- 
neering, The State University of Iowa; since, he has become president of Lehigh 
University, Bethlehem, Pa. 

1. Presidential address delivered at the 43d Annual Meeting of the Society for 
the Promotion of Engineering Education, Atlanta, Ga., June 24-27, 1935; 
republished by special permisssion from the JI. of Engg. Education, Sept. 1935. 
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By C.C. WILLIAMS, President S.P.E.E.* 


In this address,! republished here at the 
request of the Institute’s committee on 
education, the author constructively looks 
ahead, discussing frankly the probable 
status of engineering education (and the 
engineering profession) in the post-de- 
pression era and suggesting adjustments in 
curricula to suit new conditions. 
‘there is no reason to predict a surplus of 
engineers when there is no diminution in 
the need for engineering services—man’s 
wants are illimitable, if engineers have but 
the discernment to discover and the in- 
genuity to satisfy them." 


dividual scientific training. 
If before proceeding with 
any forecast of the new 
epoch, we glance back 
fora moment at the mile- 
posts of the past in order 
to find the measure of an 
epoch, we observe that the 
century covering the de- 
velopment of engineering 
education in America is 
divided naturally by certain 
notable events into 3 
fairly equal periods, each 
of which exhibits rather 
distinctive characteristics. 
The first epoch would be 
placed readily as the in- 
terval between the found- 
ing of engineering instruc- 
tion at West Point and 
Rensselaer, about the close 
of the first quarter of the last century, and the pas- 
sage of the Morrill Act in 1862. It may be called 
the “Epoch of Beginnings.’’ The second epoch ex- 
tends from the Morrill Act to the founding of the 
first engineering experiment station in 1903, and may 
be given the caption ‘Curriculum Building.” In 
this period, the undergraduate curriculum took form 
and the main branches of engineering became differ- 
entiated and recognized; the scope and character 
of engineering were essentially determined by men 
in field and shop, the professor endeavoring to im- 
part a knowledge of practice to his students as best 
he might; the required preparation for the engineer- 
ing instructor beyond graduation consisted of practi- 
cal experience in field or factory; and graduate 
study was almost unknown because 4 years brought 
the student to the limit of engineering knowledge as 
presented in the textbooks. . 
The third epoch spans the interval between the 
first experiment station in 1903 and the present great 
depression, and may be called the ‘‘Epoch of Re- 
search.” In this period research profoundly af- 
fected engineering education, both as to underlying 
philosophies and as to procedures. Efforts to teach 
engineering practice was largely discontinued, em- 
phasis being shifted to fundamentals and to the re- 
search method of approach. Engineering became 
investigative as well as applied science. In fact, 
during the last 2 decades of this epoch, investigations 
in engineering laboratories have been so comprehen- 
sive and thorough that frequently the research po- 
tential has actually been higher at the applied science 
pole than at the pure science, or “‘curiosity pole,” 
with the result that the current of new knowledge 
has flowed from the former to the latter about as 
often as in the reverse direction. Experiment sta- 
tions, or similar research agencies, have been set up 
at practically all the better equipped engineering 
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schools, and research departments provided on an 
elaborate scale in the larger industries, Research 
has become a word to conjure with, a cogent catch 
word in sales talk. It has become the most used 
word in the literature, and perhaps the most abused 
word. In this period, graduate study crystallized 
out from research and assumed a prominent réle in 
most institutions, and graduate degrees have become 
a further qualification for the young instructor. In 
view of these facts, we may say that research has 
been the dominant influence in the third epoch. 

The fourth epoch in engineering education, en- 
trance to which seems likely to be hastened by the 
depression, can be forecast only from facts and 
trends now either apparent or discoverable, and 
manifestly, treading in the realm of prediction, pro- 
ceeds with less assurance than along the plotted 
paths of history. The depression not only marks 
the beginning of the new epoch, but it yields a clue 
to its characteristics, because the lashings of the 
economic storm have revealed certain weaknesses 
which years of fair weather would not have disclosed. 
Inasmuch as the most obvious defects in engineering 
of the past decade are observed to lie in the economic 
sector and as certain new conditions now growing up 
which engineering will be required to meet also lie in 
that same sector, we may appropriately call this new 
era in engineering education the ‘‘Epoch of Economic 
Adjustment,” recognizing, of course, that research 
and other values previously developed will continue. 

That the defects and inadequacies of engineering 
which have appeared in the severe testing of the 
past 5 years are found in its economic commissions 
and omissions scarcely requires demonstration. De- 
spite the fact that our radios still grow! and fade, our 
automobiles are irresponsive on cold mornings, our 
concrete floors crack, and a few tragic accidents have 
occurred, the short-comings of technical engineering 
are now fundamental, and by the same token, engi- 
neering education, in its technical aspects, has dis- 
closed no radical faults. The areas in which engi- 
neering and engineering education have failen short 
of their responsibilities are in such matters as un- 
sound valuations for securities, overbuilt industrial 
plants, lack of diversification in manufactures, rail- 
road improvements contemplating increased traffic 
that could not materialize, technological unemploy- 
ment, ill-conceived labor relations, vulnerable cen- 
tralization of industry, and misjudging of social 
trends. Not all these weaknesses have developed 
within the purview of engineering as now defined, 
but they represent management wherein engineering 
techniques might properly be applied. Hence, it 
seems reasonable to expect engineering education to 
expand gradually into those areas in order, first, to 
strengthen engineering administration wherein it 
now includes these matters, and second, to offer 
preparation for assuming those functions wherein 
other agencies have been proved incompetent. 
There lies with engineering the responsibility for the 
economic control and stability of its own affairs and 
if that responsibility is not recognized and accepted, 
engineering education to that extent must be ad- 
judged wanting. j 

A conspicuous example of the economic mal- 
adjustment of engineering curricula is found in their 


FEBRUARY 1936 


lag behind the specializations resulting from the vari- 
ous technical devices available for home, office, shop, 
and construction operations, which require a measure 
of technical knowledge and organization for their 
distribution and application. Engineering educa- 
tion has become cumbered and choked to a degree by 
its own output. Large engineering projects no 
longer represent details designed by a master engi- 
neer and his staff; they are rather an assembly of 
specialties which have been developed by the experts 
in manufacturing concerns. Training for the tech- 
nical production as well as for the distribution and 
application of these devices justifies educational 
preparation. At the present time colleges of com- 
merce and departments of science vie with engineer- 
ing schools in this field. Combination courses in 
engineering and commerce usually have resulted in 
a mixture of the water of science with the oil of busi- 
ness rather than a homogeneous preparation suitable 
for the purpose. Since we cannot shorten this giant 
growth of engineering specialization to fit the pro- 
crustean bed of last century’s formula of engineering 
education, we shall have to enlarge the bed. 

Many engineers, sensing the need for an adjust- 
ment to provide for these miscellaneous technical 
and administrative specializations, have urged a 
broadening of engineering preparation by the intro- 
duction of various subjects and even of new curricula. 
To most of us who are directly responsible for ad- 
ministering college curricula, however, this proce- 
dure has seemed impracticable, because if such mate- 
rial should be included formally, the course either 
would have to be extended beyond 4 years, or cease 
to be genuine engineering. Neither can an indefinite 
number of kinds of engineering curricula be provided 
to lead to all of these technical specialties. Dean 
Hoover, in the February 1935 issue of the Journal of 
Engineering Education* listed 337 vocations emanat- 
ing from these specialties to which the title engineer 
had been appended, and even then the list is not ex- 
haustive, new lines appearing every year. It is 
significant that the largest engineering school in 
America has confined its major curricula to the chem- 
ical, civil, electrical, and mechanical divisions. 
These 4, with mining and metallurgical engineering 
and perhaps 1 or 2 others added in some places, would 
seem to suffice at present for main trunk curricula, 
leaving the miscellaneous specializations to be 
treated as branchings rather than as co-ordinate 
stems, and to be provided for in postgraduate years, 
even if not as graduate work. 

Instead of diluted main curricula, and numerous 
minor ones, courses in applied science supplementary 
to engineering curricula, have had a few tryouts with 
particular objectives in mind, but the possibilities in 
this direction have not been fully explored. Many 
educable young men, desiring to enter commercial 
fields involving engineering specialties, are not much 
interested in engineering as a creative profession, yet 
they desire a scientific education of a sort not of- 
fered by liberal arts faculties. Institutes of tech- 
nology, colleges of applied science, and even schools 
of engineering with a more restricted scope, are the 
most suitable agencies extant to administer such ap- 


* See also Dean Hoover’s article, ‘Structure of the Electrical Engineering 
Profession,’’ Etec. EnoG., July 1935, p. 695-9. 


133 


plied science courses. They need not have the des- 
ignation of any variety of engineering and might be 
as non-committal as A.B. in arts or B.S. in pure sci- 
ence. They would merely constitute a good college 
education in applied science and would presumably 
provide a wide range of electives with a view to cul- 
tivating a maximum of individual resourcefulness. 
The innovation would be similar but not quite paral- 
lel to the introduction of the elective system in the 
liberal arts colleges half a century ago, since colleges 
of engineering would sponsor these supplementary 
courses much as arts colleges at that time added 
science to their classical curricula. It is quite within 
the range of possibility that through the operation 
of these supplementary applied science courses, cer- 
tain vocations now considered as trades might ulti- 
mately be elevated to the peerage of polite profes- 
sions, entitled to the trappings of prerequisites and 
college degrees. 

Instead of one pure type of engineer, therefore, we 
may come to recognize about 3 varieties of the 
species: engineer alpha, engineer beta, and engineer 
gamma, to use the customary designations of varia- 
tions from type. Engineer alpha would represent 
the highly trained technical genius, prepared through 
graduate study and otherwise to do advanced de- 
velopmental work; engineer beta would be the typi- 
cal routine designer and administrator commonly 
produced by the present undergraduate courses; 
engineer gamma might not be an engineer at all in the 
ingenious inventor sense, although he might be best 
equipped to do the accessory work that he intends 
to follow. Occasionally, he might develop into a 
technical engineer even as arts graduates have done 
not infrequently. Generally he would perform a 
liaison function between technical engineering and 
human wants. Socially and politically all 3 groups 
might continue their associations together advan- 
tageously, although educationally and legally sepa- 
rate categories might be recognized. Economics 
should permeate the training of engineer gamma and 
should flavor more than previously that of all engi- 
neers. 

Advocating economics content in engineering edu- 
cation does not imply a proposal to extend the time 
devoted either to classic economics or to branches 
now within the proper domain of colleges of com- 
merce. Much of the former is too hypothetical to 
serve the more quantitative requirements of engi- 
neers, and further, there is no justification for over- 
lapping or encroaching upon those phases of eco- 
nomics that lie within the recognized sphere of col- 
leges of commerce. The applications of economics of 
which I speak cover those social phenomena and 
principles of management inherently connected to 
manufactures, to public service, and to the construc- 
tion industry. For the sake of simplicity, we might, 
for the purposes of this discussion, invent a new word 
to denote this field. The word ‘‘technonomics,”’ 
which etymologically would mean the orderly man- 
agement of technical affairs just as economics means 
the orderly management of a farm or business, may 
be used for this purpose. ‘“Technonomics,” as ap- 
plied social science, would employ engineering metho- 
dology such as thoroughness of analysis, rigorous 
scrutiny and test of new proposals, strict evaluation 
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of the so-called ‘“‘economic laws’’ before applying 
them, conservatism in design and planning, and in- 
sistence on economic justification as a condition 
precedent for most public works. It would recog- 
nize corporations as proper agencies of modern eco- 
nomic democracy; it would contemplate a self- 
governing industry, including the related labor organ- 
ization; and it would proceed on the assumption of 
a reasonable employment security for the worker. 
The time may be not far distant when schools suit- 
ably circumstanced will set up ‘‘technonomic’”’ ex- 
periment stations or institutes of ‘‘technonomic’”’ re- 
search to test old dogmas and to seek new knowledge 
that will advance related economic practices com- 
parably with technical achievement. 

The depression has disclosed a need for “‘tech- 
nonomics”’ in planning public works that will add to 
social benefit without stifling private enterprise. 
‘“Technonomics” will be needed more and more in 
scientific bureaus and in regulatory commissions, and 
all governmental functions—city, county, state, and 
federal—are becoming increasingly involved in tech- 
nical operations. For these functions, engineering 
education must be socially enlightened. 

From the depression is emerging a recognition of 
the potency of technical productivity to restore and 
maintain economic “‘normalcy.”’ The current press 
frequently quotes opinions to the effect that televi- 
sion, air conditioning, or some other novelty will 
prove to be the new development that will overcome 
the depression. It will probably be none of these 
alone, but rather the marketing of numerous new 
specialties, that will stimulate buying and thus start 
the wheels of industry. The Brookings Institution, 
and perhaps others, have pointed out that people 
have invested disproportionately in securities, 
thereby encouraging undue plant expansion, and 
that this situation has produced a lack of balance be- 
tween fixed capital and liquid funds available for 
purchase of consumable goods. Why? Because, 
the market for the ordinary had become saturated, 
and there were no new attractions to tempt the purse. 
An economy of plenty, evidently, can be kept in bal- 
ance as between invested and liquid capital only by 
devising new conveniences which people will buy in 
preference to investing with a view to future leisure. 
If this be true, then the inventive genius of the engi- 
neer in creating such goods will play an increasingly 
important part in our future economic weal, and the 
significance of this fact should be considered in the 
engineering education of the future. 

The depression has also revealed evidence of a 
“technonomic” error: that, by pointing our edu- 
cational policies too exclusively toward large scale 
industry rather than to developing resourcefulness 
and inculcating an interest in establishing new enter- 
prises on a small scale, we have not only limited the 
opportunities for our graduates, but we have con- 
tributed to economic lopsidedness. Instances might 
be mentioned of small scale manufactures, founded 
by engineering graduates, which have weathered the 
depression more successfully than larger industries. 
Such enterprises have made the communities af- 
fected self-sufficient to an extent, and they give 
these self-contained areas a stability capable of halt- 
ing the spread of economic demoralization in times 
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of crises. _ The superior industrial stability of France 
and certain other European countries is attributable, 
in part at least, to the numerous small industries that 
tend to localize the economic activities of the towns 
involved and make them independent of the cur- 
rents that flow between metropolitan centers. The 
economic adjustment of engineering education will 
take into account this principle of balanced employ- 
ment and of diversification, not only with a view to 
increased opportunities for graduates but also as a 
factor in the public prosperity. 

Perhaps the more perplexing doubt in the minds 
of some pertains not to what effect the depression 
may have on the curriculum in the new epoch, but 
rather to what effect it may have on the future of 
engineering itself. In the rebuilding of economic 
systems, will engineering play a larger or a smaller 
part than in the past? In the acid test of the de- 
pression, where social institutions are tried as well as 
men’s souls, to what extent will engineering have 
been found fundamental and necessary for the re- 
habilitation? 

A few engineers have expressed pessimistic fore- 
bodings relative to overcrowding and lack of oppor- 
tunities inthe future. Idonotshare that view. In- 
stead, my own observations lead me to optimism and 
confidence. There is no reason to predict a surplus 
of engineers when there is no diminution in the need 
for engineering services, the present unemployment 
to the contrary notwithstanding. Nature’s re- 
sources, which the engineer diverts for the use of 
man, are not approaching exhaustion, and man’s 
wants are illimitable, if engineers have but the dis- 
cernment to discover and the ingenuity to satisfy 
them. Improving personal conveniences as well as 
social intercourse and public welfare will make in- 
creasing demands on applied science. Also, because 
of the technical activity in Europe, Latin America, 
and the Orient, any reasonable hope for regaining 
foreign markets in world competition has a firmer 
basis in the fertility of applied science than in the 
maneuverings of politics. Hence, unemployment 
of engineers results from underconsumption rather 
than from overproduction. There can be no surplus 
of engineering service so long as thousands of acci- 
dents occur daily on highways and in industry; so 
long as conflagrations destroy many lives and miilions 
in property; so long as floods run rampant over town 
and countryside; so long as noise and dirt in cities 
impair physical and mental health; so long as elec- 
tric lights are but 5 per cent efficient and the illumi- 
nation supplied is but a fraction of the need; so long 
as power transmission is limited to a short radius; 
so long as public service rates require regulation; 
so long as cities are ugly and inconvenient; so long as 
enormous waste exists in coal, oil, and gas produc- 
tion; so long as most of the energy of fuel is lost in 
the conversion; so long, im fine, as man’s personal 
and social welfare can be further promoted by ex- 
ploitation of nature’s riches. Superior skill in per- 
forming these services only is needed to yield an ex- 
panding demand for engineers. 

This judgment is supported by a statistical study 
of professional growth. When graphs are drawn for 
other professions showing the number of practition- 
ers in the United States per million popuiation at 
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the successive censuses, such graphs show a fairly 
constant ratio through the years. For engineering, 
on the contrary, the graph rises at a steep slope show- 
ing a marked and fairly constant increase in the ratio 
of engineers to population. Thus in 1880 there were 
200 per million inhabitants, in 1890, 600; in 1900, 
700; in 1910, 1,000; in 1920, 1,250; and in 1930, 1,750. 
The notable increase results, of course, from the 
great expansion of the profession in various branches 
and from the growth in scientific knowledge. Graphs 
showing social trends do not make sharp angles, 
hence, we might expect this graph to continue its up- 
ward direction even if at a diminished slope. 

A second analysis further supports the conclusion. 
By determining from standard life tables the total 
mortality in each of the various professions, the num- 
ber of annual replacements caused by death was as- 
certained. The average annual increase over the 
past 20 years was taken as an index of new positions 
resulting from growth in services by the profession. 
The sum of these 2 figures indicates the total number 
of openings in each profession per year under normal 
business conditions. This figure was then divided 
by the number of annual entrants to obtain the ratio 
of the probable number of positions to the number of 
entrants. These ratios were as follows: medicine, 
1.00; dentistry, 1.78; architecture, 1.17; law, 0.70; 
and engineering 1.68. In medicine, dentistry, and 
law, these figures are consonant with other data col- 
lected by men in those fields. If this procedure is 
valid, we should conclude that with the field en- 
larged as suggested in the foregoing paragraphs, we 
may expecta 68 per cent increase in theannual demand 
for engineers in the first years of normal operations. 

The phenomenal growth in engineering in the past 
is not surprising in the light of the achievements in 
promoting individual convenience and public weal. 
By means of engineering, men ride swiftly on land, 
on water, or in the air; the nation is bound together 
by strands of wire, bands of steel, and ribbons of con- 
crete that reduce social intercourse to that of a neigh- 
borhood; one lifts his telephone and the civilized 
world awaits his call; pictures are flashed to news- 
papers; by engineering, the President of the United 
States chats intimately with us at our family fireside 
about affairs of state, the leaders of the world pro- 
claim their messages of comity to all nations, and 
choice programs of artists are carried to our homes; 
by engiieering, burdens are shifted from flesh to 
steel, mechanical servants attend us, eliminating 
child labor and allowing leisure for education and 
enjoyment; by engineering, lustrous fabrics come 
from the loom without the slow travail of the silk 
worm; by engineering, cities are made healthful, 
foods improved, and standards of living advanced. 
Will that current of progress slacken or diminish when 
there is no exhaustion of Nature’s resources, when 
the needs of men are unlimited in variety, and when 
the usable scientific knowledge is ever increasing? 

I think not. After these years of disorder have 
passed, when normal procedures shall have been re- 
stored whereby industrious men may freely exchange 
their labor for necessities and comforts, when skill, 
thrift and diligence again shall beaccounted as virtues, 
and when investments can be made with confidence 
in the integrity of political institutions, the march 
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will be resumed. Every year, a million educable 
young men arrive at the age of vocational choice with 
the regularity of the lines of a marching army, and 
that eager approach of aspiring young men will neither 
cease nor lessen. They comprise a crop that can 
neither be plowed under nor limited by subsidy. At 
present, over 20,000 annually seek entrance to col- 
leges of engineering and that number is growing. 
What engineering will become will not be determined 
by the needs and openings that we of this generation 
see in the industry ahead; it will be limited only by 
the abilities and purposes of that never ceasing 
stream of young men approaching our doors. In- 
dustry of today will not shape their destiny; on the 
contrary, they will fashion industry of tomorrow. 
To ascertain and to cultivate their individual po- 
tentialities is the prime problem of engineering edu- 
cation. Moreover, when an ambitious youth with 
a God-given ability and aspiration to be an engineer 
seeks admission to the profession, there is no group 
nor guild of men that has the moral right to deny 
him entrance, merely because the profession seems 
crowded and competition is already keen. Hehasa 
right to his chance as well as any man already in 
practice. Merit alone must determine who will be 
engineers. Even if all who graduate do not find 
places in engineering, my faith in the virtues of 
engineering education, with its ideals of thoroughness, 
’ efficiency, service, and honesty, leads me to believe 
that it is unsurpassed as preparation for living in this 
twentieth century civilization, and that, in view of 
the many public issues of a technological character, 
we are in no danger of social impairment from hav- 
ing too many citizens with an engineering education. 

Furthermore, various studies have shown that 
engineering is the field that attracts many of the 
ablest and most virile of oncoming youth. They 
recognize that in science and invention lie those un- 
explored domains wherein discovery, giving right of 
possession, promises rewards for the discoverer and 
benefit to mankind. They are the modern frontiers 
and the El Doradoes that challenge the spirit of the 
adventurer. With physical frontiers gone, the new 
resources of the nation are mental rather than metal, 
to be dug from minds rather than from mines. 
Hence, engineering education must be adjusted to 
the new economy in order not only that individual 
young men may find college offerings suited to their 
aptitudes and inclinations, but also that society 
itself may keep on an even keel in the varying cur- 
rents of a scientific age. 

That this view is not wholly the result of a natural 
bias of thought on my part is indicated by the follow- 
ing quotation from a recent book in the field of politi- 
cal science, “Government and Technology,” by 
William Beard. “The functions of industrial so- 
ciety and government are so largely technological 
in character that the engineer will, whatever his per- 
sonal views, occupy a central position in the future; 
his science will become more and more indispensable 
to the conduct of government and to the stability of 
society.... (But) the challenge of the new age to en- 
gineers is still open and will long remain open. It is 
to be hoped that the rising generation of engineers 
will face that challenge boldly and aptly apply the 
indispensable instruments of their science—rationality 
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and efficiency—to both government and industry.” 

In conclusion, the economic adjustment of engi- 
neering education pertains not only to personal ca- 
reers but also to the social placement of the profes- 
sion. The bulk of undergraduate education will con- 
tinue without radical change, because it accords with 
a certain range in the natural aptitudes and interests 
of youth and because it is sufficiently flexible to meet 
changes within its scope. That scope needs to be 
enlarged, however, to include a surrounding zone of 
vocations where a maximum of adaptability will be 
required. If I were to mention a physical structure 
symbolic of engineering education in the new epoch, 
it would be a building somewhat like the Empire 
State Building in form. The main body of the build- 
ing would represent the substantial bulk of our pres- 
ent curricula and procedures, serving well an existing 
and continuing need. Rising above this would be a 
tower of smaller plan representing graduate study 
for highly technical engineering. The feature most 
suggestive of the proposed economic adjustment 
would be the divers approaches and services linking 
the building to the world of business and living. 
If these last be made adequate, every room and floor 
of the building will be utilized advantageously. 

It seems to me that the new epoch in engineering 
education is opening with a rosy tint at the horizon, 
for amidst the general devaluations of the present 
period, technical engineering stands at par, and the 
new era promises yet greater opportunities through 
expansion into adjacent areas where the depression 
has shown the need of engineering methodology. 
The “finale” of Professor Scott’s fine report* on the 
great work by the Board contains the statement, 
“And now we come to the close of another chapter.” — 
I am not sure whether that sentence stands at the 
close or at the opening of a chapter. It may be at 
the close of a chapter but at the opening of an epoch. 
It reminds me of an incident that occurred near the 
end of the great constitutional convention in 1787. 
The venerable Franklin arose after the final adop- 
tion, and referring to the figure of a half sun with 
darting rays that decorated the back of the Speak- 
er’s chair, said: ‘‘As I have sat here following the de- 
liberations of this convention, my gaze has frequently 
fallen upon the figure on the back of the Speaker’s 
chair. At times, I have been uncertain whether it 
represented a rising or a setting sun. Now, Sir, I 
am convinced that it represents a rising sun, and 
that the sun of this nation, under this new constitu- 
tion, is rising to a more glorious day.” 

In a similar way, I believe that the sun of our pro- 
fession is in the ascendant, and that in the new epoch 
with a restoration and strengthening of economic 
agencies, engineering education, adjusted in its scope 
and objectives to meet the new conditions, will at- 
tain higher levels and will prepare even greater num- 
bers of ambitious young men to attain the goals of 
their choice and to enjoy the high privilege of effec- 
tive citizenship in a scientific civilization. 


* “Reports of the Investigation of Engineering Education 1923-1929,” pub- 
lished by the Society for the Promotion of Engineering Education, and reporting 
the results of an intensive study conducted by the board of investigation and 


- co-ordination of the S.P.E.E. under chairmanship of Dr. Charles F. Scott. 


The report is published in 2 6 by 9 inch volumes and contains some 1,670 pages. 
A news item calling attention to the availability of the report and indicating 
the nature of its content appeared in the June 1935 issue of ELECTRICAL ENGI- 
NEERING, pages 679-70, 
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Tests on Lightning Protection 
for A-C Rotating Machines 


Supplementing theoretical studies on the 
protection of a-c rotating machines against 
impulse waves and previous tests on in- 
dividual protective devices, a comprehen- 
sive series of tests on over-all protective 
schemes has been made. As a result, 
definite conclusions are drawn regarding 
the proper lightning protection for ma- 
chines connected directly to overhead lines 
or connected through transformers, giving 
consideration to the type of transformer 
connection. Considerable information 
also is obtained on the propagation of 
surges through windings, and on the surge 
impedances of machine windings. 


By 
E. M. HUNTER 


ASSOCIATE A.1.E.E. 


Genera| Electric Company, 
Schenectady, N. Y. 


Tur response of rotating a-c machines 
to lightning transients was first described in 2 papers 
presented at Toronto in 1930.'? These original 
papers pointed out the vulnerability of machine in- 
sulation to lightning and the need for protective ca- 
pacitors, as well as arresters, to control the transient 
distribution of voltage in the machine so that various 
parts of the machine winding would not be over- 
stressed. 

The suggested methods of protection were for 
machines connected directly to exposed overhead 
circuits, as there was still considerable to be learned 
concerning the passage of surges through transform- 
ers. In 1932 a paper’ was presented which showed 
that power transformers are not the barriers to 
lightning transients they were once thought to be 
and that rotating machines having transformers be- 
tween them and the exposed overhead circuits also 
required protection. 

The economies and practicability of providing 
protection by means of arresters, capacitors, and 
inductors were studied and a paper‘ was presented in 
1933 giving a logical solution to this protection prob- 
lem. Methods were proposed for protecting ma- 
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machinery. Manuscript submitted July 9, 1935; released for publication Oct. 2, 
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chines not only with direct exposure but also those 
connected to lines through transformers. Two other 
papers®® have been written on the effects of transient 
voltages on rotating machines and means for pro- 
tecting against these voltages. 

The protective methods which were previously 
given were based mostly upon theoretical considera- 
tions. Tests had been made with the individual 
protective devices on some rotating machines but no 
tests were reported as having been made on the over- 
all protective schemes. 

The purpose of this paper is to review briefly 
previous material in regard to lightning protection 
of rotating a-c machines and the propagation of 
surges through their windings so as to give the back- 
ground for the present tests; to give test results, 
(a) on the effectiveness of lightning protective equip- 
ment in alleviating the stresses in machines and (0) 
on the propagation of the impulses through the 
winding; and to give some additional information 
on machine surge impedances. 


LABORATORY TESTS 


Tests were made in the laboratory in Schenectady, 
N. Y., on a turbine generator rated 12,500 kva, 6,600 
volts, 60 cycles, 3,600 rpm. This generator had a 
one-circuit single-turn winding consisting of 18 coils 
per phase connected in wye. Taps were provided 
on every other coil so that the internal voltages 
throughout the winding could be investigated. 

Propagation tests were made with 1 x 5.6 and 
1.5 x 33 microsecond waves which had 10 kv crests. 
These 2 waves were chosen because they closely 
approximate the 1 x 5 and the 1.5 x 40 A.I.E.E. 
waves and either could be obtained at will by only a 
slight change in the connections to the impulse 
generator. 

Tests on the protective schemes were made with as 
near vertical-front flat-top waves as it was possible 
to obtain in order to make the tests as severe as 
possible. 


LIGHTNING PROTECTION—MACHINES 
DIRECTLY CONNECTED TO OVERHEAD LINES 


For machines connected directly to overhead lines, 
the protective equipment which usually proves to 
be the most economical and stili provides protection, 
consists of protective capacitors and special station 
type arresters (when required) at the machine ter- 
minais, and line type arresters at approximately 2,000 
feet from the station on each outgoing line. The 
purpose of the line type arresters is to reduce the 
energy of the incoming traveling wave so that the 
capacitors at the machine terminals can be of a 
reasonable size and cost. 

For grounded neutral machines, a capacitor with 
a minimum of 0.1 microfarad per phase is usually 
sufficient for the turn insulation. If the minimum 
size is used, it is usually advisable to have a station 
type arrester in parallel withit. For ungrounded neu- 
tral machines, a larger capacitor having at least 0.5 
microfarad or more per phase, is needed to protect 
the turn insulation and to keep the neutral reflected 
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voltages to safe values. With a 0.5 microfarad 
capacitor at the terminals, a station type arrester is 
usually not considered necessary because a capacitor 
of this size reduces the magnitude as well as the front 
of the traveling wave passing the line type arresters. 


TESTS ON PROTECTIVE EQUIPMENT FOR MACHINES 
DIRECTLY CONNECTED TO OVERHEAD LINES 


In the tests made to measure the effectiveness of 
these protective schemes, the test circuit consisted 
of a surge generator, a line type arrester, a resistor 
of 250 ohms, station type arresters and capacitors, 
and the generator winding. This was a laboratory 
equivalent circuit for an installation where there is 
a transmission line which has a surge impedance of 
250 ohms between the line arresters and the station 
protective equipment. A low value of line surge 
impedance was chosen to simulate the condition of 
surges reaching the machine from over 2 lines simul- 
taneously, and also a low value gives pessimistic 
results because the higher the surge impedance is, the 
better the protection obtained. 

In order to simulate a distributed circuit of a real 
line with a lumped constant line surge impedance, 
it was necessary that twice the traveling wave voltage 
be applied to the equivalent circuit. A discussion of 
this lumped equivalent circuit may be found in most 
any treatise on traveling waves and is quite well 
known. 

The arrangement of capacitors and arresters for a 
grounded neutral generator is shown on figure 1. 
The applied transient voltage was a 76-kv-crest flat- 
top wave, which was reduced first by the line type 
arrester and then by the capacitors and arresters at 
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the generator terminal. The cathode ray oscillograms 
on figure 1 indicate how the transient voltage is 
reduced in steps. Starting with the 76-kv flat-top 
wave, the line type arrester first reduces the crest of 
the transient to the gap breakdown and IR voltage 
of that arrester, which in turn is further reduced to 
the low level of 12 kv, by the protective equipment at 
the machine terminals. The steepness of the front 
of the impulse is reduced by the small terminal capaci- 
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tor so that the wave entering the winding rises to 
its crest in about 12 microseconds. 

A similar arrangement of protective equipment for 
an ungrounded neutral generator is shown on figure 
2. The applied voltage was an 80-kv flat-top wave 
which was first reduced by the line type arrester 
and then by the 0.5 microfarad capacitor at the gen- 
erator terminals to the low level of 5 kv. It is to be 
noted from the oscillograms that the capacitor used 
at the machine terminals was of sufficient size to 
limit the crest of the wave entering the generator 
winding and also to limit the reflection at the genera- 
tor neutral to approximately the same voltage magni- 
tude. The front of the entering wave is approxi- 
mately 18 microseconds long and the length of one 
phase of the winding is approximately 4 microseconds. 
Theoretically the capacitor at the terminals should 
slope the entering wave so that its front is at least 
4 times the winding length if uniform voltage to 
ground is to be obtained throughout the winding. 

These tests were made on only 1 phase of the 3 
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phase winding, the other 2 phases being disconnected 
at the neutral. Therefore, the reflections at the 
machine neutral are equivalent to what would have 
happened if surges of like polarity and magnitude 
entered all 3 phases simultaneously. 

While it is realized that there are certain limita- 
tions in simulating distributed circuits by lumped 
constants in the laboratory, nevertheless it is con- 
sidered that these test results are actually indicative 
of the effectiveness of this protective scheme in limit- 
ing the transient voltage reaching a rotating machine 
connected to an exposed overhead circuit. Ob- 
viously, for accomplishing the greatest security 
against direct strokes in practice, the exposed line 
section between the machine and the line arresters 
should be effectively shielded by overhead ground 
wires so that direct strokes will not terminate on the 
line conductors in this section. Where overhead 
ground wires are not used, there is an advantage in 
using a set of line type arresters about 500 feet out 
from the machine in addition to the line arresters 
located 2,000 feet out. 


LIGHTNING PROTECTION—MACHINES CONNECTED 
TO OVERHEAD LINES THROUGH TRANSFORMERS 


Rotating machines having transformers between 
them and the overhead exposed lines require pro- 
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tection from lightning also, as traveling waves may 
be transmitted both electrostatically and electro- 
magnetically to the rotating machine. The basic 
theory on the propagation of transient voltages 
through transformers has been given.’ Briefly, the 
impact of a traveling wave on one phase of a wye- 
delta power transformer is transmitted electromagneti- 
cally to the low-voltage delta-connected side as a 
phase-to-phase voltage. That is, one of the low 
voltage phases will be raised to a positive potential 
above ground, the second to an equal negative 
potential, and the third remains at zero potential. 
Since the voltages are induced between phases and 
are of opposite polarity, the transient voltage at the 
rotating machine neutral remains at substantially 
zero potential and consequently, the capacitors at the 
machine terminals need only to be large enough to 
protect the machine turn insulation. The electro- 
static components of the transient voltage appearing 
on the delta side of the transformer are of the same 
polarity as the impact voltage, but are of a very short 
duration and consequently have a low energy con- 
tent. The lightning protective equipment usually 
consists of special station type lightning arresters 
and capacitors on the machine side of the trans- 
formers. The effectiveness of this protective equip- 
ment is enhanced if lightning arresters are used also 
on the line side of the power transformer because the 
magnitudes of the voltages appearing on the machine 
side of the transformer are directly proportional to 
the voltages permitted to reach the line side. 


TESTS ON PROPAGATION OF SURGES 
THROUGH A WYE-DELTA TRANSFORMER 


The majority of transformers used with generators 
are connected wye-delta, with the delta on the genera- 
tor side, and this was the transformer connection 
chosen for the test. The transformer consisted of 3 


Conditions of test: 


Circuit as shown on? 
figure 3 5 
Test wave 1 x 5.6-> 94 


microsecond 10-kv crest J 
positive wave x 
Transformer turn ratio 5:1 


Transformer inductance 
0.018 henries 0 
Generator surge imped- 0 B 10 


6 
ance 200 ohms TIME IN MICROSECONDS 


Fig. 4. Measured and calculated electromagnetic 
component of voltage-to-ground on low voltage 
side of wye-delta transformer 


single phase distribution transformers rated 25 kva, 
2,200/1,100/220/110 volts each. Although the kilo- 
volt rating of this bank of transformers was much 
smaller than that of the generator, it was sufficient 
for the purpose of these tests. 

Cathode ray oscillograms are shown on figure 3 
of the measured transient voltages to ground at the 
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3 generator line terminals and at the neutral of the 
generator resulting from the application of a 1 x 5.6- 
microsecond 10-kv-crest positive wave to one phase 
of the high side of the wye-delta transformer con- 
nected to the generator terminals. These oscillo- 
grams show the division of voltage as previously 
described and it is particularly to be noted that the 
voltage is induced between phases. The neutral 
voltage measured results from the electrostatic com- 
ponents of the transmitted voltages which are attenu- 
ated and elongated as they pass through the wind- 
ing and which, being of like polarity, do not 
cancel at the neutral. The transformer neutral 
was ungrounded for the transmitted voltages shown. 
Other tests indicated that the same electromagnetic 
distribution of voltage was obtained with the trans- 
former neutral grounded. 

The electromagnetic component of voltage appear- 
ing on the generator side of the transformer has been 
calculated for the conditions of the test using the 
methods given in the paper listed in reference 3. The 
calculated and measured voltages are shown on 
figure 4. There is a reasonably close agreement be- 
tween the calculated and measured magnitude of the 
voltage, considering that the oscillatory components 
of the transmitted wave were neglected in the cal- 
culations. The irregularities in the measured wave 
shape are probably caused by these components. 

The tests have shown that the neutral of the genera- 
tor remains at substantially zero potential during 
transient voltage disturbances and thus it would be 
expected that the common ground connection for 3 
lightning arresters connected to the generator termi- 
nals would also remain at zero potential whether 
or not the common point was grounded. Tests 
indicated that there was practically no voltage at the 
isolated neutral of 3 low voltage arresters located 
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between the generator and transformer when the 
line side of the transformer was subjected to a 1 x 
5.6-microsecond 10-kv crest wave. This suggests 
that the arresters could be wye connected but un- 
grounded, or connected between phases when the 
lightning exposure is only through the transformers 
between the generators and overhead lines. 

Under some conditions there may be a certain 
distinct advantage in having the arresters isolated 
from ground. The impulse voltage level which can 
be maintained by an arrester is directly a function 
of the maximum permissible dynamic voltage rating 
of the arrester, which is determined by the maximum 
operating frequency overvoltage conditions that may 
exist in the station. The lower the maximum per- 
missible voltage rating, the better the protection 
obtained. The maximum generated voltage to which 
an arrester may be subjected when connected from 
line to ground occurs during a line-to-ground fault 
on the generator side of the transformer with the 
generator neutral ungrounded. Thus, if these opera- 
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Fig. 6. Envelope of the crests of the line-to-ground 
voltages through generator winding with lightning 
arrester in neutral 


ting contingencies are considered in applying ar- 
resters, then the arresters connected from line to 
ground must be suitable for the maximum line-to- 
line voltage. With the arresters connected in wye 
and the neutral of the arresters isolated from ground, 
each arrester need only be suitable for the line to 
neutral voltage and consequently they offer much 
better protection because of the reduced dynamic 
voltage rating. Furthermore, it follows logically 
that the arresters could also be connected directly 
between phases with similar benefits. An arrester 
to be correct in its application should be able to 
withstand the maximum generated voltage and 
maintain a surge voltage level which is safe for the 
machine being protected. For those applications 
where an unusually high rating of arrester would be 
required to satisfy the system voltage conditions 
from line to ground, and where the surge voltage 
level is to be held to a low value, this proposed 
ungrounding of the neutral of a 3 phase arrester 
may prove to be useful. 

However, this proposed arrester connection has 
one limitation in that the arrester only maintains the 
phase-to-phase voltage to a safe value and conse- 
quently only indirectly maintains the voltage to 
ground. Protection probably will not be obtained 
then if a ground occurs on the generator side of the 
transformer because the symmetry of the transmitted 
voltages will be upset. 


ELECTRICAL ENGINEERING 


The protective capacitors should always be con- 
nected from line to ground for their most effective 
reduction of the transient voltages and this connec- 
_ tion can be used in all cases because the voltage rating 
of a capacitor is not necessarily a limitation on its 
protective qualities. 


LIGHTNING PROTECTION 
FOR THE MACHINE NEUTRAL 


The question has arisen from time to time as to 
the merits of locating arresters in machine neutrals 
to keep the neutral reflected voltages to safe values, 
as this would permit the use of a more economical 
size of capacitor at the machine terminals. An ar- 
rester, on account of its gap, is normally nonconduct- 
ing so that until the arrester gap is broken down, the 
neutral of the machine is in effect open-circuited. 
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Thus, a transient reaching the neutral will be re- 
flected positively (reflected wave of same polarity 
as incoming wave) until the voltage rises to the im- 
pulse spark-over voltage of the arrester. That por- 
tion of the wave which is reflected positively will 
travel back into the machine and add to the in- 
coming wave and may produce a higher voltage to 
ground than that which passed the line terminal 
protective equipment. 

Furthermore, the breakdown of the gap of any 
neutral arrester produces a sudden drop in voltage 
which may cause a high stress on the insulation be- 
tween turns in the armature coils near the neutral. 


TESTS ON PROTECTION FOR THE MACHINE NEUTRAL 


The distribution of voltage to ground through one 
phase of the generator winding with an arrester at the 
neutral end was determined by impulsing this phase 


with a 1.5 x 33-microsecond 10-kv crest positive - 


wave. The envelope of the crests of the measured 
maximum voltage to ground at the various taps on 
the winding is shown on figure 6. It is to be noted 
that the positive reflection which occurs before the 
neutral arrester functions causes the voltage to 
ground for a distance back from the machine neutral 
to exceed the crest of the incoming voltage for the 
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particular wave used in this test. In attempting to 
draw conclusions from this test, it is recognized that 
factors such as the wave front and crest of the in- 
coming voltage, length and surge impedance of the 
machine winding, and the voltage rating of the ar- 
rester used, all definitely influence the results ob- 
tained. The test wave used had a steeper front 
than that which would have entered the generator if 
a small capacitor of the order of a 0.1 microfarad 
had been used at the terminals. However, as long 
as the front of the entering wave is less than the 
length of the generator winding in microseconds, 
then the voltage to ground in the generator winding 
will tend to exceed the crest of the entering voltage 
wave when positive reflections occur at the neutral. 
The effectiveness of a terminal capacitor in reducing 
the wave front depends upon the surge impedance 
of the line and generator winding. The lower oscillo- 
gram on figure 1 shows that for a line surge impedance 
of 250 ohms and a generator surge impedance of 200 
ohms, a 0.125 microfarad capacitor sloped off the 
entering wave to 12 microseconds when the generator 
neutral was solidly grounded. It is not unusual to 
have machines with winding lengths in excess of 
12 microseconds, so it appears improbable that this 
rise in voltage attending an arrester operation can be 
entirely mitigated by the small terminal capacitor 
on the larger machines. 

Furthermore, while the increase in the voltage to 
ground back from the neutral in this particular case 
is relatively small, it may be significant. The im- 
pulse strength of rotating machine insulation is 
relatively low when compared with transformer in- 
sulation and consequently it is more difficult to obtain 
adequate protection for a rotating machine. In 
many applications the lowest impulse voltage level 
which can be maintained by the terminal protective 
equipment is of the order of the maximum allowable 
impulse voltage on the machine, and hence, any pro- 
tection practice such as the combination of a neutral 
arrester and small terminal capacitor which may per- 
mit an increase in this voltage back in the winding 
is considered inadvisable. 

The sudden drop in voltage when the neutral 
arrester functions and the voltage wave entering the 
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generator winding are shown by the oscillograms of 
figure 5. For this test, a capacitor rated 0.125 micro- 
farads and a special low rated arrester comparable 
with the test voltage and typical in behavior to 
higher rated arresters were used at the generator 
terminals and neutral, respectively. The measured 
voltage from neutral to ground shows a very sudden 
drop at the crest of the wave when the neutral ar- 
rester gap broke down. This arrester gap break- 
down in effect applies a steep front wave to the neutral 
end of the generator winding, and on multiturn wind- 
ings, may cause high turn-to-turn stresses. 

From the results of these tests, it is concluded that 
because of the possible increase in the line-to-ground 
voltage in the winding, and even more possible high 
turn stresses in neutral coils on machines with multi- 
turn windings, the combination of a neutral arrester 
and small terminal capacitor is an inadvisable item 
of lightning protective equipment for rotating ma- 
chine protection. For machines with an ungrounded 
neutral, a higher degree of protection can be obtained 
for the machine neutral by the use of a suitable large 
size capacitor at the machine terminals, as shown on 
figure 2. 


PROPAGATION 


The general results of these tests in regard to the 
propagation of surges through the windings may be 
summarized as follows: 


1. The predominating reaction of the winding to traveling waves 
was similar to that of a short section of transmission line. The 
electrical length of the winding was very definitely indicated on the 
oscillograms. There was a slight rise in voltage at the machine 
neutral at the instant the wave entered the winding, due to small 
mutual coupling, but it required a measurable length of time for the 
major portion of the transient to reach the neutral. 


2. The velocity of propagation of the traveling wave through the 
armature winding was 21,000 miles per second. Assuming the 
velocity in the end sections of the winding to be of the order of that 
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found in a cable, i.e., 100,000 miles per second, then the velocity in 
the slot portion of the winding is calculated to be 11,000 miles per 
second. 

3. Coupling, which appeared to be predominantly electromagnetic, 
was observed between phases and also between adjacent parts of the 
same phase. The envelope of the crest of the induced voltages to 
ground measured on the taps on one of the phases of the machine is 
shown in figure 7. This coupling appeared to have little influence 
on the protection obtained from the external protective equipment. 
4. The traveling waves were found to reflect positively (reflected 
wave of same polarity as incoming wave) at the machine neutral 
when the other 2 phases were disconnected. A 22 per cent increase 
over the voltage entering the machine was found at the neutral 
with the 1 by 5.6-microsecond and a 66 per cent increase with the 
1.5 by 33-microsecond 10-kv-crest positive waves. With the neutral 
grounded through resistance equal to the measured surge impedance 
of the winding, the voltage to ground throughout the winding was 
less than the voltage at the line terminals. This drop in voltage 
probably resulted from the attenuation of the impulse as it traveled 
through the winding. With the neutral solidly grounded, distribu- 
tion of voltage to ground through the winding was such that ap- 
proximately 2/3 of the entering voltage at the line terminals was noted 
only 1/3; away from the neutral end of the machine with both test 
waves. The distribution of voltage through the machine winding 
with the 1 by 5.6 microsecond wave is shown on figure 8 and for the 
1.5 by 33 microsecond wave on figure 9. 

5. The attenuation of a chopped wave, or voltage sliver, such as 
would occur as the result of a front of wave flashover of an insulator 
was found to be very rapid. A reduction to 20 per cent of its original 
value in traveling only 10 per cent of the winding was noted. 


SURGE IMPEDANCE 


The measured surge impedances of several rotating 
machines are on record and there is a wide variation 
in the values given by different investigators. 
Boehne! reported surge impedances varying from 
685 to 1,000 ohms on 3 machines tested. Calvert® 
found one machine that had 365 ohms. Further tests 
on a turbine generator and induction motor have 
given 200 and 1,600 ohms, respectively. Since there 
has been such a wide variation in the surge imped- 
ance, it is desirable to look-for an explanation. 

The measured surge impedances which are avail-: 
able were obtained by either 1 of 2 methods, each of 
which requires a surge generator and a cathode ray 
oscillograph. One method is to connect a resistance 
of 40C ohms between the surge generator and the 
machine being tested and record the open circuit 
voltage of the surge generator with the machine 
disconnected and then the voltage at the junction 
of the 400 ohm resistor and the machine. The ma- 
chine surge impedance is then obtained from the 
formula 


400 E 
Ti ee 
(EZ; — £2) 
Table I—Measured Surge Impedances 
Rated Measured 
Machine Machine Machine Turns per Surge Impedance 
Voltage Rating Manufacture Coil per Circuit 
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* Special winding. 


** Half back wound coil. All other machine windings had straight wound coils, 
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= voltage when machine is disconnected 
2 = voltage when machine is connected 


The other method is to record the neutral reflected 
voltages on one phase of the machine winding with 
various values of neutral grounding resistances. The 
value of grounding resistance which reduces the neu- 
tral voltage to '/, of the reflected or open circuit 
neutral voltage is considered to be the surge impedance 
of the machine winding. For this test, the other 2 
phases of the machine are disconnected at the neutral. 


TEST DATA ON SURGE IMPEDANCE 


The surge impedance of the turbine generator 
armature winding under test was found by determin- 
ing what value of neutral grounding resistance would 
reduce the open circuit neutral voltage to 1/.. The 
tests indicated that the surge impedance was 200 
ohms for both the 1 by 5.6-microsecond and the 1.5 
by 33-microsecond 10-kv crest positive waves as 
shown on figure 10. The merits of this or other 
methods of testing will not be discussed except to 
say that the possible error in this case can be at least 
10 per cent. 

Measured surge impedances per circuit of some 
other rotating machines are given in table I. The 
values range from 200 to 1,600 ohms. 

Appreciating the fact that only a limited number of 
test data are available at the present time, and that 
consequently any general conclusions are hardly in 
order, still it is of interest to note what factors of 
machine design apparently influence the surge im- 
pedances, for the data in table I indicate certain 
definite trends. 

Keeping in mind that a very approximate expres- 
sion for the surge impedance is the square root of the 
quotient obtained by dividing the circuit inductance 
by the circuit capacity, these trends are as follows: 


1. Number of Turns per Coil. The inductance of an armature coil 
varies as the square of the number of turns and, consequently, the 


Table II—Protection of Rotating Machines From Lightning 


Protective Equipment 


Machine!! Special !1I 
Exposure to Transformer Neutral Capacitance Sta. 
Lightning Connections Connection in Microfarads Type Arr. 
Directiconnections ere ne era al Grounded...... 0.1 or more.... Yes!V 
toroverhead: Lines tec esyaseisle ois cpsiele = «s Ungrounded....0.5 or more....No 
Through transformers.. YYY......... Grounded...... 0.1 or more....Yes 
VV Nast reacts Ungrounded....0.5 or more.... Yes 
V-iA; eter... Grounded......0.1 or more....Yes 
WisvAS CUC pacts Ungrounded....0.1 or more....Yes 
Through transform- 
ersand direct connec- Y-YV, Y- Grounded....... 0.1 or more... Yes 
tion to overhead lines!.. A, etc......... Ungrounded..... 0.5 or more... Yes 


I. Line type arresters should be located on each exposed feeder at points 500 
and 2,000 feet from station or from line of incoming cable. 


II. If protective equipment is to do duty for more than one machine, select 
ungrounded neutral equipment if any machine neutral in group is ungrounded. 
III. Lower gap breakdown voltage than on standard station arrester. 

IV. Arresters may be omitted if capacitor exceeds 0.5 microfarads. 

V. Both neutrals grounded. 

Norr—Feeder regulator and reactors, Where machine is connected to exposed 
line through feeder regulator or reactors, use same protection as required for 
machine directly connected to exposed lines, except in every case the capacitor 
should be paralleled with a station arrester. 
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surge impedance should directly increase with the number of turns, 
other factors being equal. The data in tabie I are arranged in the 
order of the number of turns in the coils of the machine and it is to 
be noted that the higher the number of turns, the higher the meas- 
ured surge impedance. 


2. Voltage Rating. An increase in voltage rating requires increased 
insulation and, consequently, larger slots, which, in general, tend to 
increase the inductance and decrease the capacitance and, conse- 
quently, tend to increase the surge impedance. 


3. Kilovolt-ampere Rating. If it is assumed that increased rating 
means increased conductor size, which, in turn, requires a larger 
slot, then both the inductance and the capacity may be increased 
so that the net result may either be an increase or a decrease in the 
surge impedance. Much will depend upon the individual design. 


4. Number of Circuits per Phase. The surge impedance per phase 
multiple circuit winding is approximately the surge impedance of one 
of the circuits divided by the number of circuits. 


CONCLUSIONS 


Based upon the test data presented in this paper 
the following conclusions have been reached: 


LIGHTNING PROTECTION 


1. The voltage stresses in a-c rotating machines connected to ex- 
posed overhead lines may be limited by line type arresters located 
approximately 2,000 feet from the station on each incoming line and 
protective capacitors and suitable station arresters (when required) 
at the machine terminals. 


2. The use of a lightning arrester in the machine neutral, to limit 
neutral reflected voltage, is considered inadvisable. Neutral re- 
flections can be limited more satisfactorily by the use of the proper 
size of protective capaciter at the machine terminals. 


3. A-c rotating machines connected to exposed overhead lines 
through wye-delta connected transformers do not require large size 
terminai capacitors to limit the neutral reflections because the 
transient voltages that appear on the machine side of the transformer 
cancel at the rotating machine neutral. 


PROPAGATION 


1. The grading of insulation in rotating machine armature windings 
has been frequently discussedinrecent years. Several 33 kv generators 
have been built and are in service in Europe today with the line end 
third of the winding insulated for 33 kv, the middle third for 22 kv, 
and the neutral end third for 11 kv. Some of these machines have 
stator windings which are circular and arranged concentrically, and 
others have the multiturn rectangular conductor with rounded 
corners and with 2 coil sides per slot. A few conclusions on the re- 
sponse of this latter type of winding to transient voltages based upon 
the results of these tests on the turbine generator winding will be 
given here. 


2. Obviously, a machine with graded insulation should be wye-con- 
nected. The neutral of the machine should be grounded to prevent 
dangerous neutral reflections. However, the solidly grounded 
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neutral does not insure that the insulation back from the neutral 
will not be overstressed for in the tests approximately ?/3 of the mag- 
nitude of the entering wave was measured at a point only 1/3 from 
the solidly grounded neutral. These tests indicated that both ar- 
resters and capacitors at the machine terminals would be needed to 
protect the insulation to ground. 


8. Furthermore, the data on surge impedances of armature windings 
indicate that this impedance varies directly with the number of turns 
per coil. A transient in passing from a lower to a higher surge im- 
pedance reflects positively and consequently the winding of the 
machine with graded insulation should have the higher number of 
turns per coil in the higher insulated sections so that when the surge 
passes from a higher to a lower insulated section there will be a corre- 
sponding decrease rather than a rise in the transient voltage. 


SURGE IMPEDANCE 


1. The surge impedance of a machine armature winding varies 
directly with the number of turns per coil, increases somewhat as the 
voltage rating increases and may be either increased or decreased 
by an increase in the kilovoltampere rating. 


2. The surge impedance per phase is approximately the surge 
impedance per circuit divided by the number of circuits. 


Induction Motor 


Resistance Ring Width PH. TRICKEY 


The effect which the width of resistance 
rings has on the secondary resistance of 
squirrel cage induction motors has been 
subjected to a mathematical analysis. It 
is found that the width, in a radial direc- 
tion, of these rings which connect the 
conductors of a squirrel cage rotor, need 
never exceed the pole pitch, and probably 
half of that value is sufficient. Methods for 
determining the current distribution in the 
resistance ring, and for determining the 
the effective width and resistance are 
demonstrated. 


Mic’ are 3 periods through which 
most engineering design methods pass: first, that 
period when only general relations and laws are 
known, and engineering design is simply cut and try 
with a few general laws to serve as guides; second, 
the period when the theory has been developed, and 
calculation methods, sometimes long and cumber- 
some, and sometimes very much abbreviated, are 
in use; and third, the period in which design meth- 


A paper recommended for publication by the A.I.E.E. committee on electrical 
machinery. Manuscript received Oct. 1, 1935; released for publication Oct. 
26, 1935. 
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SUGGESTIONS FOR LIGHTNING PROTECTIVE 
EQUIPMENT FOR A-C ROTATING MACHINES 


General rules governing the selection of lightning 
protective equipment are given in table II. 
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ods are being revised, and put into the most usable 
shape, and a more thorough knowledge is obtained 
as to the necessary short cuts, or refinements, as the 
case may be, for each particular class of machine. 
Induction motor design has passed into the third 
stage, and this paper presents another refinement in 
the calculation of secondary resistance. Particular 
attention is given to the width in a radial direction 
of the resistance rings which connect the ends of the 
rotor bars in a squirrel cage motor. It is shown that 
it is not correct, for a wide resistance ring, to base 
calculations upon the average diameter of the ring, 
and that it is also not correct to assume that the 
ring is all concentrated at the conduction circle. 


SECONDARY RESISTANCE 


A method of calculating the effective secondary 
resistance of a squirrel cage induction motor has 
long been used, and a complete derivation is given 
in appendix I. The writer would prefer to give credit 
for this derivation, but it has passed through many 
hands and the source is unknown to him. 

The derivation is based upon the ideal case of a 
cylindrical sheet or drum of copper replacing the 
conductors, and this sheet joining a small connecting 
ring at each end. Assuming sinusoidal current dis- 
tribution in the primary, the current density in the 
sheet is in turn sinusoidal. The current in the ring 
at any point can be obtained by integrating. The 
density in the ring also turns out to be distributed 
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sinusoidally. Knowing the current densities and 
areas of the ideal case, the specific losses and total 
losses for the ideal case can be calculated. From 
the losses and equivalent secondary current, the 
- equivalent secondary resistance for the ideal case 
can be calculated. It is then a simple matter of 
substitution to replace the ideal cage by the actual 
squirrel cage. 

It is the purpose of this paper to point out 2 
things. One is a plain case of common misinterpre- 
tation, and the other is a case of an assumption which 
is not good under certain conditions. 

The equation for secondary resistance as derived 
in appendix I is as follows: 


re = [(CKw)? pd] ue weieSa sees 
SoSs Cond Srp? %Cond 
where 
CKw = total effective series conductors per phase 
¢ = number of phases (taken as 2 for single phase) 
p = conductivity of copper (0.694 X 10-8) ohms per inch 
cube at 25 degrees centigrade) 
W = axial width of rotor in inches 
SK = skew of rotor in inches 
Se = area of rotor conductor in square inches 
Ss = number of rotor conductors 
%Cond = per cent conductivity of material times 100, in terms of 
copper 
Sr = area of resistance ring in square inches 
p = number of poles 
Dy = diameter at which conductors enter the ring 


It is this diameter D, which is so often misinter- 
preted. D, is taken to be the mean diameter of the 
resistance ring, and for most induction motors above 
5 horsepower, this is a perfectly justified assumption 
_ for it actually coincides with the diameter as taken 
above. 

However, for a wide resistance ring, the average 
diameter is not correct, for that would mean on a 
multipolar machine, that a wide thin ring would 
have less resistance than a square ring of the same 
cross section due to its average diameter being 


Fig. 1. Ef- 
fect of wide 
resistance ring 
on secondary 
resistance of 
squirrel cage 

rotors 
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smaller. This becomes quite obviously wrong, if 
carried to an extreme case. For instance, consider 
a 32 pole machine with a rotor 10 inches in diameter 
with small conductors. The pole pitch would be 
approximately one inch. Suppose a resistance ring 


Fig. 2. Current-volt- 
age map of narrow 
ring 


4 pole, ID/D, = 0.875, 
Ieiete, = 0.959 


reaching to a shaft of 2 inches diameter is used. 
Very little of the current will travel the 8 inch path 
to the bottom of the ring and back when going only 
one inch from pole to pole. 


EFFECT OF WIDE RESISTANCE RING 


This brings up the second point that in the case of 
a wide resistance ring, it is not correct to assume the 
ring all concentrated at the conductor circle. The 
current will distribute itself in the ring as an electric 
field, and must be handled as a field, not as a con- 
ductor or wire circuit. 

The writer has determined the field maps for dif- 
ferent numbers of poles and different widths of rings, 
and figure 1 gives the correction factor Kying which 
should be applied to the second term of the resist- 
ance equation. Thus: 5 


Kring 


It will be noted that only for 2 pole and a very small 
proportion of other cases, does the old assumption 
of the mean ring diameter tend to give a correct re- 
sult. In all other cases, the old method gives a 
lower resistance than the ring actually has. 

Figure 2 shows how the narrow ring approximates 
the assumption of sinusoidal distribution along the 
ring and uniform distribution across its section and 
figure 3 shows how far the assumption of uniform 
distribution in the ring section is from the true pic- 
ture, in the case of a wide ring. 

Figure 1 also shows another interesting relation. 
By letting 


0.637 Dy 


VW? + SK? 
Sy p? YCond 


te = [(CKw)? po] eS 


Kring 


Kee. oon IDEN 


the ring resistance becomes proportional to 


Ded c. TD De) 

2 RK! IS. ring 
a ring ot to —— 
pW, 
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The value K’',ing is also plotted on figure 1, show- 
ing that as the ring becomes very wide K'ying ap- 
proaches a constant unity. This means that the 
resistance has reached its lowest value and no fur- 
ther reduction in ring resistance will be obtained by 
widening the ring. In practice, moreover, it would 
probably not be worth while to make the ring as wide 
as the maximum point shown by figure 1, because the 
width of the ring could be decreased a considerable 
amount with only a few per cent increase in ring re- 
sistance. Also, on multipolar machines, the ring 
resistance is usually not even half the bar resistance 
so that the total percentage increase in rotor resist- 
ance would be very small. 

For machines of a large number of poles, the curves 
of figure 1 have been replotted in figure 4, against the 
ratio W,/d», instead of ID/D,. 
where 


W, = width of ring 
or = pole pitch at Dy 


The curves of K’ying in figure 4, bring out the fact 
that the width of ring need never exceed the pole 
pitch, and probably half that value is sufficient. 

The above relations have all been derived on the 
assumption of the conductor circle at the periphery 
of the ring. Of course, this is not quite the case in 
commercial designs. However, if the following 
points are kept in mind, the assumption will seem 
more justified. The width and cross sectional area 
are taken as the actual value. Then the only error 
lies in applying the correction factor to the whole 
ring which is correct for only part of it. In applying 
the correction factor, K,ing is used for the ratio of 
ID/D, where D, is the diameter of the conductor 
circle and the outer periphery. However, if the 
ring is wide, the outer portion is small and a small 
error in K,ing for that part makes little difference. 
If the ring is narrow so that the inner and outer parts 
are alike, the correction factor is nearly unity, and 
nearly the same for each, so that in any case, the 
error is very small. In the case of very deep bars, 
many poles, and a wide ring, it may possibly be de- 
sirable to calculate each part of the ring separately 
and determine their resistance when in parallel. 


METHOD OF OBTAINING 
CURRENT DISTRIBUTION Maps 


There are 2 methods of obtaining the curves of 
figure 1. One is by direct calculation of the distribu- 
tion and losses, and the other by graphically sketch- 
ing the maps. Usually calculation of field distribu- 
tions is rather involved mathematically, and it was 
first attempted to obtain the maps by the usual 
graphical method commonly employed in mapping 
magnetic fields. That is, a cut and try method of 
free hand sketching is applied until the ‘‘tubes” of 
equal current cut the equipotential surfaces at right 
angles, and form the well known “curvilinear 
squares.” 

In this case, as in many others, it was found de- 
sirable to determine as many boundary conditions 
as possible before starting the free hand part of the 
work. It was easily possible to determine the ter- 
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minals of the equal current tubes at the conductor 
circle, since sinusoidal distribution had been assumed. 
Appendix II gives the method of calculating these 
points. A number of maps similar to figures 2 and 3 
were made, and interpreted as shown in appendix II, 
to obtain curves similar to figure 1. 

However, at this point, it was found that equations 
for a field similar to the one under consideration were 
given in a paper on core losses by Alger and Ekser- 
gian in 1920 (see reference 1 at end of paper). These 
equations had originally been derived by Rudenberg, 
and while intended for use in calculating core loss, 
apply with some adjustment to the resistance ring. 
The equations were still considered too cumbersome 
to use in calculating the whole field, but were easily 
adapted to determine the points where the equal cur- 
rent tubes cross the radius midway between poles. 
This method is shown in appendix ITI. 

With both ends of the current tubes determined, 
the maps become much more accurate, and quite a 
number were plotted. Figures 2 and 3, however, 
show that while for wide rings the maps are definite 
and accurate, for narrow rings, any error in estimat- 
ing the width, and length of the squares, results in a 
directly proportional error in Kying. Even in this 
case, it is easily possible to obtain maps of 5 per cent 
accuracy, but this accuracy, while perhaps sufficient 
for calculating the correction factor, was not very 
satisfactory in determining the exact shape of the 
curves as they approach unity. 

Still further investigation of Mr. Rudenberg’s 
equations was made and it was finally found possible 
to derive the exact equation for the correction factor 


Fig. 3. Current-volt- 
age map of wide ring 


4 pole, ID/D, = 
Keane — 1.51 


0.250, 


Kying and eliminate the necessity of constructing 
the field maps. The equation is surprisingly simple, 
and very similar in form to that presented by Alger 
and Eksergian as a correction for eddy current core 
loss. 


Kring = & (1 = ID/Dr) 
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The derivation of these equations is given in appen- 
dix III. The curves of figures 1 and 4 were calcu- 
lated by them. 


Appendix |—Equivalent 
Resistance of Squirrel Cage Rotor 


The equivalent resistance of a squirrel cage rotor may be found as 
follows: 

Assume the rotor bars to be replaced by a conducting sheet of 
metal of uniform thickness with the current flowing along it in 
straight lines parallel to the rotor axis. Assume the current to be 
distributed sinusoidally. Let 


W = length of bar = length of sheet 


S¢ = cross sectional area of rotor bars 

t = thickness of assumed sheet 

Ss; = number of rotor bars 

ph = resistivity of bar material 

Sy = cross sectional area of end ring 

pr = resistivity of end ring material 

p = number of poles 

J = current density 

Jm = maximum current density in sheet 


Let the origin be midway between poles. Then 


Tv 
et COStaaa 
Xp 


where 
Ap = pole pitch 
Loss IN Bars 


The resistance of a strip of the sheet dx wide 


ae 
4 dx 
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The current in such a strip 
Tv 
= Ch GS = athe 
Xp 
The loss in such a strip, 


W 2 re 
Loss = pb (J. cos 7 Cont ix) = ppWJm’ t cos? — x dx 


t dx D Ap 


The loss in the sheet equivalent to the loss in the bars 


» r 
p lee W Im if ” cos? = as | 
0 
ye, 


p 


ll 


Loss 


1/5 p py W Im’ t Xp 


Loss 


Loss IN THE END RINGS 
The current at a point x 
a 7 r q T 
I= if Im cos — xdx =t Jy a Sine ee 
ty) Xp T \Ap 


Resistance of length dx 


pr dx 
Sy 


R= 


Loss in length dx 


dx r 2 
Loss = aie E deny mee sin = ‘| 


iS i@ Tv Dp 
Pr Ne wT 

Loss = — f? J,” ~— sin? — x dx 
Sy 1 Dp 


Total loss in both rings 
A os 
Pr 2 Xp f Pi IO) Se 
Loss) =) 2 pi —— 12 Spe sin? — x dx 
p Sy i a? 0 Np 


a p Pr i Tne Ap” 
Loss = ec Xp 


ToTaL Loss IN Rotor CAGE 


pe: dp” , | Pb W x? » py Np 
2 Be t Xp Sy 


Loss = 
Tv 


ToTaL CURRENT AROUND EACH POLE 


Ap/2 \ 
Tes 78) Cos ede = To 
0 No T 


Since this flows through one turn, it must be the magnetomotive 
force of the rotor and must equal the magnetomotive force of that 
component of the primary current due toload. Let 


J, = secondary or rotor current referred to the primary 
Then the magnetomotive force of the primary load current is 
V2 Iz CRw 
Ga T Eman 
wp 


If the primary and secondary magnetomotive forces are equated 


CKw = total effective series conductors per phase in the primary 
T, = secondary or rotor current referred to the primary 
cy = number of phases 
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Substituting the above expression in the loss equation, 
2 ph W x? pr 
Total loss = V2 CKw Ip p aa Oe ae + vee 


However, the equivalent resistance per phase referred to the primary 
is 72, where 


ioe total loss 
2 (are I? 
Therefore, 


2 | pp Wx pr Ap 
= K 2 
ro = (CKw) = lee + S 
pp W , 2 pr Xp 
SG Gl 
Bacoe) a ee | 
But t A» p = S_ Ss. 


T 
Also let Xp» in the second term equal ae where 


D, = the diameter at which the conductors enter the ring. 


Therefore, 


ph W 2 py Dy 
— K: 2 aS = 
% = (CKw) sleet oar | 


Let this equation be rewritten in terms of the conductivity in re- 
lation to copper, and also take the true length of conductor. 


2 2 i D. 
tn = \(CKw)? $0] sa Se pe ae \ 
S_ Ss %Cond Sy p? %Cond 
where 
p =resistivity of copper in ohms per inch cube 
SK = skew in inches 


%Cond = per cent conductivity of bar and ring materials respec- 
tively in terms of copper 


Appendix Il—Boundaries and Interpretation 
of Current-Voltage Maps 


DETERMINATION OF BOUNDARIES AND INTERPRETATION 
OF CURRENT-VOLTAGE Maps OF WIDE RESISTANCE RINGS 


As in appendix I, let a conductor sheet carrying sinusoidally dis- 
tributed current be assumed. Let it be assumed that this sheet 
joins the resistance ring at its outer edge. In order to aid the 
sketching of a current-voltage map, let the current entering the ring 
be divided into equal parts. 


rx 
ie Si —— 
Xp 
where 
Af current density in ring at its outer edge 
Jm = Maximum current density in ring at outer edge 
distance along the periphery of the ring from a point midway 
between poles 
A» = pole pitch 
The total current 


R 
ll 


Ap/2 wx Xr x Xp/2 
eve: | sin — dx = Jmt 2 = C05 
0 Np wT Np 0 
mn 
T= Int 
wv 
where 
I = total current around one pole 
t = thickness of resistance ring 
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6 = distance along ring in electrical degrees 
Tv 
eS SS 8 
Xp 
do = — dx 
Xp 
Jw pe sine 
mn 
i Int *f sino ds 
Tv 
Let 


wy = any fraction of total current 


y=nt 
Xp 02 : Ap 
Y= Int — sin 6 dd = Jm t — (cos @: — cos 42) 
T 01 T 
But 
r 
VY =nTandI = JImt & 
Tv 
Therefore, 


n = (cos 6; — cos 62) 


If it is desired, for example, to divide the current into 8 equal parts, 
n = 0.125, 6; = O and the equation above can be solved for 6s. 
0.125 = (1 — cos 42) and cos 6: = 0.875; thus the first part of the 
current enters the ring between 0 and 28 degrees 57 minutes. For the 
second part n = 0.25, 0, = 0, and 6, becomes 41 degrees 35 minutes. 


INTERPRETATION OF CURRENT-VOLTAGE Maps 


With the boundaries of the equal current tubes determined at the 
periphery of the ring, the current-voltage map may be sketched by 
the usual method of free hand flux plotting. The total current, has 
been shown to be 


nN 


Ww 
The current per tube is then 
ty Tv 


where tu = number of tubes 
The resistance of each square of the map 


pr length of square 
t width of square 


But the principle of construction of the map is that the length and 
width of each square shall be equal. Therefore 


RI=Voyp 

where 

pr = resistivity of the ring material 

Since the current through each square of the map is the same, and 


each square has the same resistance, the total loss in both rings of the 
rotor is 


where 


squ = number of squares per half pole 
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In appendix I, this loss has been shown to be 


eae the equation derived from the current map into the same 
orm, 


Se Ne S 
foes ee = Pax nstes 

Sy 1 buat Np 
where S, = W,t = cross section of ring 
Loss = 


Since this loss differs from that found by appendix I, it is necessary, 
therefore, to correct that part of the resistance equation due to the 


ring, by the term in parenthesis in the equation above. Let 
4 squ Wy 
Kring = NGS 


Writing this expression in terms of the diameter at the conductor 
circle, 


4 squ Wy p 


Kring = De 


Then, 


NE a Soe 


Sec 7 Cond 
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r= (CHa? | Dy #* %Cond 


Kying \ 


Appendix I!|—Boundary 
Conditions of Equal Current Tubes 


A. DETERMINATION OF BOUNDARY CONDITIONS 
oF EguaL CURRENT TUBES AT POLE CENTER LINE 


Reference 1 at the end of this paper gives the following expressions 
for the flux density in an annular core: 


P® 
B, = ——(AR? — BR~?) cos Pé = radial flux density in 
2RL kilolines per square inch 
Pe = pelt ; : 
Be = (AR’ + BR) sin P@ = tangential flux density 
2RL 
2P ale ip 
a: Ra Re 
er er 1 


where (see figure 5): 


P = number of pairs of poles 

@ = angular displacement of any point in the core from the center 
line between poles in mechanical degrees 

R = radius to any point in core 


Ry = radius of core nearest air gap 

R; = radius of core furthest from air gap 
a = R,/R; (ais greater than unity) 

® = total flux per pole 

L = net core length 


(For the purpose of simplicity, P = pairs of poles will be used in 
appendix III, whereas all other parts of this paper use p = number 
of poles.) 

For the purpose of analyzing the current map and losses in a wide 
resistance ring, these equations will be rewritten in terms of the cur- 


rent. The conductor circle will be assumed to be at the periphery 
of the ring. 
Jy = we (AR? — BR™) cos P6@ 
Rt 
Jo = — (AR? + BR™*) sin PO 
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Fig. 5. Section of 
ring, with designations 
used in analysis of 


Appendix Ill 


1 CPR P 
A= and B = ~ 
Ry? Cite =) (tere) 
where 
I = total current around each pole (This corresponds to 1/2 the 
flux as used by Alger) 
t = thickness of the resistance ring 


OG SAY GS TRY = ODIO? 
D, = outside diameter of ring 
ID = inside diameter of ring 


PT (ak 
Piers ee \ 


i oP) ey eR Rae cos 0 


1P I Ree 
hive 2P p P p-P-1 : 
0 id — an R? ae Gt akan IK ; sin P@ 


BounpDaARIES OF EQuAL CURRENT TUBES 


To determine the ends of the equal current tubes, the special case 
of the radius at the center of the pole will be taken. Then 


6 = 7r/2P, cos P 6 = 0, 
sin P6r—) | vande~—s0 


Pr Re 
am er ak. cP Rie Re 


Je. = ae 


The current crossing this center line between any 2 radii 


PI Ret 
=a ae Si aig ae Coe cea! tdR 
a 


PI RE Cui Rowe aaa 
i eRe, P 


To divide the current into any fraction of the total, starting at the 
inside of the ring 


n = fraction of current 


iu |r? phy Pde Iz 
i= [es ctPy? |i 
Fo Ey) ia 2 
Al ieee 


yP fee n(1 ve ae 2% cP = 0 


yP aie! =?) 4+ V0 — ¢P)2 + 4 7 
2 
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n 2P iG ) ue 
Se Gh e eM ee 
r ee c + yi +] 2a ]]} 


where 


ry = radius including any fraction of current 

nm = any fraction of current 

c¢ = ratio of inside diameter of ring to outside diameter 
P = pairs of poles 


B. CORRECTION FACTOR FOR WIDE RINGS 


The equations for radial and tangential current density in the re- 
sistance ring have been given above. The losses caused by these 
components of the current can now be calculated. Since the re- 
sistivity does not vary with current, the total loss will be the sum 
of the losses of each component. 


Loss DUE TO TANGENTIAL CURRENT 


Area of incremental portion = t dR 


Length of incremental portion = R dé 


Recs p R dé 
esistance = ——— 
tdR 
where 
p = resistivity of ring material 


Current = JgtdR 


R do 
ose, = (Jo t aR) 


Loss =p Rt Jo? d0dR 


Loss in both rings 


Ra, /2P 
We =8Pp ‘ff 
Ri, 0 


In the same manner, it can be shown that the loss due to the radial 
component of the current is, 


Ra,w/2P 
W, =8Pot ff R J,? do dR 
i, 0 j 


or the total loss, 


Ra,w/2P 
w=sPoif fo (J,? + Jo?) R dR do 
4, 0 


R Jo* d0 dR 


but 
Ri oe = 2 

Je? = laaesl Ee ccna aR = sin? P9 
Bre |, Ret oe tt 

JP = fa = | | ee Rae Rag ‘ cos? P@ 


Pee Va ERG ANa 2 
Je + Jp = re | lige, +c eR, | + 


Ea f 2P 2 
iQ — 2) [2c R-*] (sin? P 6 — cos? P 6) 


It can be shown that this second term will integrate to zero, and 
it will be dropped at this point. Therefore, 


12 UL é 
Ve 
ol — 7 | BS 


Ra,1/2P Remi is 
ihe Be ‘ Re] te Reo ern RdR do 
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Integrating to eliminate 0, 


PI tq (Ra ( RPI 
ieee ah aS it CHF puaPup Seok 
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2P x 2P pl? tfc 


7 ten {asen| 


t (1 — c?P) 


But the loss as calculated assuming uniform distribution through the 
cross section of the ring is as follows: 
Total current at any point 


a Plesiieeo 
Resistance of an incremental section 


t W, 


Loss in an incremental section 


p Ra do 


W = I* sin? P 6 
t Wy 


Total loss in both rings 


SPleipRen 
W= ot sin? P 6 do 
t W, 0 
w = onte Re Mie 
t W, 4P 
w a 2rek RG 
t Rag — Rj 
wa ret 1 
t l—e 


Therefore, the correction factor to be applied to the conventional 
method is the quotient of the new method over the old method. 


2Prot (ite) 
= 7 
t i Cc ep (iyi, eee 


Kring = <>. + 
eT ET oh 1 (1 — cP) 
t (1 — c) 


where 


P = pairs of poles 
Then the formula for secondary resistance derived in appendix I 
should be corrected, 
K ring \ 
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(This equation is the only one in appendix III in which = number 
of poles.) 
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_ Inspection and Tests of 
Explosion Proof Motors 


Standards for inspection and test of elec- 
trical equipment for use in hazardous loca- 
tions have been developed by the Under- 
writers’ Laboratories. A\s the result of ex- 
tensive research, considerable information 
has been made available on the explosion 
proof characteristics of motors and other 
electrical equipment in locations where 
there are highly flammable gases, volatile 
liquids, or other substances. Particular 
attention is given in this paper to explosion 
proof motors when subjected to that group 
of gases or vapors which have the lowest 
explosion hazard. 


By 
A. H. NUCKOLLS 


MEM., AMER. CHEM. SOC. 


Underwriters’ Laboratories 
Chicago, Ill. 


| Bs development of motors and other 
electrical equipment designed especially for use in 
locations where there is danger of explosion has neces- 
sitated the formulation of standards for inspection 
and test of such equipment. Such standards have 
now been developed to the stage where they make it 
possible to predict accurately whether or not elec- 
trical equipment can be operated safely in locations 
where flammable volatile liquids, or highly flammable 
gases, or other substances may be present. The 
methods of inspection and test of electrical equipment 
are considered in this paper, particularly as applied 
to the enclosed air or fan cooled explosion-proof 
motor, which has rapidly proved to be practical and 
efficient in the field for which it was designed. 


HISTORY 


Not many years ago it was the practice of insurance 
underwriters and inspection authorities to prohibit 
the use in hazardous locations of motors and other 
electrical equipment having sparking or arcing con- 
tacts. The ordinances of many states made pro- 
visions for the segregation of electrical equipment 
in nonhazardous areas. Such provisions, however, 
were not always uniform or effective. In some 
cases ruling extended to squirrel cage induction type 


A paper presented at a meeting of the St. Louis (Mo.) Section of the A.LE.E. 
Nov. 21, 1934, and recommended for publication by the A.I.E.E. committee 
on electrical machinery. Manuscript submitted Jan. 28, 1935; released for 
publication May 10, 1935. 
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motors, which normally were considered safe, but 
which might cause trouble in event of breakdown of 
windings due to mechanical injury or the action of 
vapors on the insulation. 

Often more serious fires and explosion hazards 
were introduced by the substitution of objectionable 
methods of power application. The removal of the 
motor to what was considered a safe distance from the 
hazardous location and the driving of the machinery 
by extended shafts or belts often involved the use of 
fast moving belts with their property of generating 
static electricity, and of forms of bearings which 
became overheated if neglected. In practice, the 
openings for shaft and belt could not be made gas- 
tight. In some cases attempts were made to protect 
the electrical equipment from hazardous gases by the 
use of so-called ‘‘vapor tight’’ housings. Many of 
these installations not only failed to provide the 
necessary fire protection, but gave a false sense of 
security. 

With the development of the explosion proof 
motor it was of increasing importance to define more 
clearly and to classify hazardous locations as well as 
to provide standards of construction and test not only 
for the protection of property, but also the safety of 
human life. It is the function of Article 32 of the 
“National Electrical Code’’ to define and classify 
hazardous locations in order that the inspection 
authority enforcing the code may judge as to the 
need of explosion proof equipment in any area. In 
Article 32, locations where flammable gases or vapors 
are judged to be present in dangerous quantity are 
designated as class I. Probably one of the most im- 
portant applications of Article 32 is to the dry clean- 
ing industry, where some sections of the building are 
usually charged with naphtha vapors. However, 
as it often requires careful inspection work to deter- 
mine the extent of the hazardous area in a plant, it 
is obvious that all installations cannot be definitely 
covered by rules, and much has to be left by Article 
32 to the decision of the inspection authority. 

Considering the standardization of motors and 
other electrical equipment for use in class I locations, 
the first standard in the United States on explosion 
proof motors for use in mines was published in 1912 
by the U.S. Bureau of Mines. Much of the work on 
standards for electrical equipment for use in hazard- 
ous locations in the industries has been done by the 
Underwriters’ Laboratories. Recently the Bureau 
of Mines and manufacturers of electrical equipment 
in the United States have co-operated with the 
Underwriters’ Laboratories in investigations of the 
explosion hazards of electric motors and control 
equipment, for use in that group of gases and vapors 
which has the lowest explosion hazard (referred to as 
group D). Further research by the National Elec- 
trical Manufacturers Association and the Under- 
writers’ Laboratories looking toward the development 
of additional data on equipment for use in the more 
hazardous atmospheres and also on the use of fused 
equipment in hazardous locations is now under con- 
sideration. Not only has considerable effort and 
expense been devoted by manufacturers to the de- 
velopment of electrical equipment which would 
satisfy the exacting requirements of safety, but also 
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Fig. 1. Cross section of a modern type of fan-cooled 
explosion-proof motor 


to provide equipment that is practical and efficient 
at a reasonable cost to the user. 


EXPLOSION PROOF TYPE OF CONSTRUCTION 


The usual type of electric motor for use in ordinary 
locations as distinguished from class I locations is so 
constructed that the surrounding air may pass 
freely through the interior, and consequently if an 
explosive gas is present, it may be ignited by a 
spark from the moving contacts, such as brushes or 
slip rings, or from short circuit caused by injured or 
defective insulation, or by high temperatures from 
overload or burn-out. 

In designing a motor for use in class I locations the 
most obvious method would be to employ a gas 
tight enclosure to prevent the entrance of flammable 
gas or vapor, thus removing the danger of internal 
ignition from arcing or sparking contacts. Although 
it is practical to construct enclosures for motors 
which prevent the entrance of appreciable quantities 
of dust, the only way to insure the exclusion of 
gases is to seal the enclosure hermetically, which is 
impractical. Even if hermetically sealed when new, 
the motor enclosure would not under service con- 
ditions remain gas tight very long, particularly at 
the shaft entrance. 

The use of gasket materials such as rubber to 
make a motor enclosure permanently gas tight does 
not appear to be promising. 

Since it is impractical to construct gas tight 
motors, the problem is to so construct the motor 
or other electrical equipment for class I locations 
that if gas or vapor within the enclosure is ignited, 
the resulting flame is prevented from passing to the 
surrounding atmosphere. This is one of the funda- 
mental requirements for motors and other electrical 
equipment of the explosion proof type. The design 
of equipment to meet this requirement is based upon 
the principle that the propagation of flame through an 
opening is prevented when the dimensions of the 
opening are within certain narrow limits. It is not 
surprising, therefore, that considerable effort has 
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been devoted by manufacturers to the design of the 
openings in enclosures for explosion proof equip- 
ment. 


OPENINGS IN THE ENCLOSURE 
Figure 1 shows in section a modern type of fan- 
cooled explosion proof motor. A type of end shield 


joint is shown at A-B. A form of shaft opening in 
the casing is shown at C-D. For convenience, the 
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Fig. 2. Details of different types of joints 


distance A-B is termed the “length of flame path.’’ 
The unoccupied space in the enclosure is known as 
the ‘‘free space’’ or “‘free volume.”’ 

Suppose that the motor is surrounded by an ex- 
plosive gas which diffuses through these openings or 
clearances, filling the free space inside of the en- 
closure; assume now that ignition of the gas in the 
enclosure occurs. Naturally the flame spreads and 
pressure is produced by the expansion of gaseous 
products of combustion caused by the heat of the 
reaction. If the length of the path at the joints is 
long enough, and the clearance is small enough the 
flame will be arrested between A and B, thus pre- 
venting ignition of the surrounding atmosphere. 

In general, within certain narrow limits, the less 
the clearance, the less the length of metal path re- 
quired to arrest flame. No fundamental or mathe- 
matical formula has been established for this relation- 
ship. Much depends upon the type of opening. 

It will be noted that the type of openings shown 
at the end shield joints are typical forms of rabbet 
joints. 

Figure 2 gives in detail a rabbet joint, and also 
shows a flat joint. The rabbet joint is more ef- 
fective than the flat joint in arresting flame, other 
factors assumed to be equal. This is accounted for 
on the basis that there is a more abrupt change at 
a rabbet joint in the direction of flame propagation. 
For a given clearance, therefore, a longer path is 
required to arrest flame at a flat joint than at a 
rabbet joint. An even more effective type of joint 
for arresting flame is the threaded joint, 5 full 
threads being an excellent flame arrester. 
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In the case of shaft openings, the diameter of the 
shaft as well as the clearance and the length of metal 
path influence the arrest of flame. The opening at 
a shaft of small diameter, other factors assumed to be 
equal, is more effective than the opening at a large 
one. Further, when the shaft is revolving, the 
length of path required to arrest flame is much less 
than when the shaft is stationary. 

Time will not permit a discussion of all the vari- 
ous details relating to explosion proof joints. In 
passing, it is important to note that the clearance at 
an explosion proof joint is increased more or less 
during the explosion by the pressure effect. This is 
illustrated in figure 2 at O. This increase in clear- 
ance depends upon the explosion pressure, the 
strength of the enclosure, and the bolt spacing. It 
does not appear feasible to predict accurately from 
consideration of construction details the increase in 
clearance that may occur at a joint during an ex- 
plosion. A number of failures in explosion tests on 
account of the increase in openings at joints have 
occurred with equipment otherwise meeting rigid 
specifications as to dimensions of joints. 

Returning now to the general requirement that 
explosion proof equipment must be of such design 
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Fig. 3. Explosion pressure curves for mixtures of 3 
different gases in air 


that the flame is prevented from passing from the 
interior of the enclosure to the surrounding gases 
outside, it will be seen that all openings in the en- 
closure, including those at the shaft and joints, must 
be of such dimensions that the flame from an ex- 
plosion will be arrested. 


OTHER DETAILS OF ENCLOSURE 


Strength of Enclosure. It is equally important 
that the enclosure itself shall be of substantial con- 
struction in order to meet service requirements and 
have sufficient strength to withstand without ap- 
preciable distortion or rupture the maximum internal 
pressures that may be developed by an explosion of 
the gases or vapors in the presence of which the 
equipment is to be used. Owing to the unavoidable 
variations in materials and in manufacturing opera- 
tions, a calculated factor of safety of 5, based upon 
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the maximum pressure obtained in explosion tests, 
is required. 

Bolts and Bolt Holes. It is evident that the bolts 
employed for the assembly of the enclosure shall be of 
adequate strength and so spaced as to prevent a 
dangerous increase in clearance during an explosion. 
The standard of the Underwriters’ Laboratories has 
been criticized because it does not require all bolt 
holes to be bottomed, on the theory that if a bolt is 
omitted, protection will be provided by this means. 
The omission of a bolt at the joints, irrespective of 
whether the bolt hole is bottomed, is liable to permit 
a dangerous increase in the clearance during an 
explosion. Further, it is not practical to produce 
explosion proof equipment which is fool proof to the 
extent that it cannot be disassembled. Reasonable 
care and maintenance must be assumed. The design 
and test performance required by these standards 
calls for a form of construction which is as nearly 
fool proof as appears to be practicable. It is safe 
for use under various conditions as long as the en- 
closure is maintained intact. 

Leads. The leads or conductors must be tightly 
fitted or sealed and securely held in place where they 
pass into the enclosure. 

Free Volume of Enclosure. The unoccupied space 
or free volume of an enclosure is another important 
factor in the design of an explosion proof enclosure. 
The explosion pressure, within certain limits, will 
depend largely on the amount of free volume. If the 
free volume is extremely large, a pressure wave 
known as “‘detonation’’ may develop, as will be seen 
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PER CENT VAPOR IN AIR BY VOLUME 


Fig. 4. Explosion pressure curves of gasoline vapor 
in air 


enclosures to withstand detonations, but it is practical 
to make enclosures having free volume small enough 
to avoid the danger of detonations in the case of the 
most common gases. 

Shape of Enclosure. It is of great importance in 
the design of enclosures to avoid forms of construction ~ 
that divide the free volume into communicating 
compartments, which may permit abnormally high 
explosion pressure effects known as “pressure pil- 
ing.” This phenomenon is accounted for on the 
basis that an explosion beginning in one compart- 
ment of the enclosure may cause compression and 
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Section of extra heavy iron pipe after 
rupture by explosion 


Fig. 5. 


turbulence of the gaseous mixture in the other com- 
partment in advance of the flame. As will be seen 
later, turbulence raises the explosion pressure of a 
gaseous mixture. Further, the advancing flame front 
from one compartment may ignite the already 
turbulent and more or less compressed mixture in the 
other compartment simultaneously at a large number 
of points. 


ELECTRICAL REQUIREMENTS 


Motors and other explosion proof equipment for 
use in class I locations must comply with established 
electrical requirements covering electrical equipment 
for use in ordinary locations. Space does not per- 
mit a discussion of the required electrical character- 
istics of such equipment, but in passing it may be 
mentioned that it is particularly important in the 
design of explosion proof equipment to have the 
spacing between parts of opposite polarity and of 
live parts and enclosure adequate. The danger of 
ignition of the surrounding gases, which might result 
from a destructive short circuit, is evident. It is 
to be noted in this connection that spacing of live 
parts that is adequate for air filled enclosures may 
not be sufficient in the case of an enclosure filled with 
burning gas because flame is accompanied by ioniza- 
tion with consequent increase in the electrical con- 
ductivity of the gases between live parts. 

It is recognized that motors under certain condi- 
tions of service due to mechanical injury or the action 
of vapors on insulation are subject to burn-out, and 
it is required, therefore, that motors of the explosion 
proof type be of such form of construction that if a 
burn-out occurs the enclosure does not reach a 
dangerous temperature. 


EXPLOSION PROOF EQUIPMENT OTHER THAN MOTORS 


The preceding discussion refers for convenience 
particularly to the type of construction employed 
for explosion proof motors, as it would take much too 
much space to go into the details of construction of 
the various forms of explosion proof electrical equip- 
ment. In general, however, the principles employed 
in the design and construction of explosion proof 
enclosures for motors also apply to other forms of 
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Fig. 6. Explosion pressure curves of gasoline vapor 
in air. The width of the columns represents roughly 
the duration of the flame 


explosion proof equipment with the exception of 
equipment of the oil immersed type. Thus, it is 
clear that in any form of electrical explosion proof 
equipment with the exception of the oil immersed 
type protection is provided by means of a sub- 
stantial enclosure, as is done in the case of a motor. 
Openings in the enclosure for push rods or shafts are 
protected in a manner similar to that employed for 
the shafts of motors. In the case of explosion proof 
lighting fixtures, both glass and metal parts are used, 
the enclosure being made of part metal and part 
glass. Glass-to-glass and glass-to-metal as well as 
metal-to-metal paths at openings are employed to 
arrest flame. 

In the case of oil immersed equipment all connec- 
tions, terminals, and arcing parts are immersed in oil 
to a sufficient depth to prevent ignition of the sur- 
rounding gaseous mixture. Where the conditions 
of operation are such as to cause the evolution of 
appreciable quantities of gas from the decomposition 
of the oil used, provision must be made for adequate 
ventilation. If an explosion proof enclosure is 
employed in addition to the oil immersion, the 
strength of such an enclosure must be sufficient to 
withstand explosions of the gases produced by the 
decomposition of the oil, provided that such gases 
are generated in sufficient quantity to form explosive 
mixtures within the enclosure. 


Crass I LocaTIons DIVIDED 
Into 4 HAzarpD GROUPS 


The length of the paths of openings in enclosures 
of explosion proof equipment and also the strength 
of the enclosure required to prevent the propagation 
of flame to the outside surrounding gas depends upon 
the nature of the gas in which the equipment is 
intended for use. While inflammable or explosive 
gases and vapors have in common certain definite 
chemical and physical properties, there is a wide 
difference in the explosive properties of many of 
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them, particularly as to the rate of flame propaga- 
tion and maximum explosion pressure. It will be 
noted from figure 3, which shows the explosion pres- 
sure curves for mixtures of acetylene, propane, and 
ammonia with air, that the maximum explosion 
pressure of acetylene is much higher or more violent 
than that of ammonia or propane. As will be seen 
later, the maximum pressure of propane is of the 
same general order as that of gasoline. It will be 
clear, therefore, that a motor casing or enclosure of 
sufficient strength for propane would not necessarily 
be safe for use with acetylene. 

It may then be asked, “‘Why not design a motor or 
other electrical equipment for use with the most 
explosive gas met with in practice?’ Theoretically 
this would be an excellent solution of the problem. 
It would make unnecessary the manufacture of 
different designs of motors or other explosion proof 
equipment, but like many theories it cannot be 
satisfactorily applied in practice, particularly from 
an economical standpoint. For example, a motor 
constructed for safe use in acetylene gas would be 
far more expensive and massive in construction than 
a motor for use in gasoline vapor. 

As the differences in explosive effects of many 
of the common gases and vapors are sufficient to call 
for different forms of construction of explosion proof 
electrical equipment, it appears the most practical 
and logical course is first to divide common gases 
or vapors into groups in accordance with their 
explosion hazards, and second to base the test require- 
ments on the group in which the equipment is de- 
signed to operate. A tentative grouping of common 
gases and vapors in respect to the explosion hazard, 
therefore, has been worked out with the thought that 
it might be expanded or limited in the light of further 
experience. Four groups, A, 6, C, and D, are in- 
cluded: 


Group A is the most hazardous. 

of the order of those of acetylene. 
Groups B, C, and D represent gases and vapors of successively 
lower explosion hazards. The hazards of group C are of the order 


It represents explosive properties 


Fig. 7. Apparatus for giving a 
constant predetermined mixture of 
vapor and air in large volume over 
a comparatively long period of 
time, for use in explosion tests 
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of those of ether, and the hazards of group D are of the order of those 
of gasoline. 


The exact classification of hydrogen has not been 
finally determined, but it is tentatively placed in 
group B. It may later be found to belong in group 
C. As accumulation of explosion data increases, it 
may even be possible to reduce the number of groups. 
In the meantime, however, it is necessary in the 
interests of safety to employ the above grouping. 
There are a number of other gases and vapors be- 
sides those of gasoline which fall into group D. 
Among these are methane, the vapors of the various 
petroleum distillates, the various alcohols, acetone, 
common pyroxylin solvents, and benzene. 


EXPLOSION TESTS 


It should be clear from the foregoing that it would 
be difficult to cover adequately in one standard all 
details of the various features of construction on 
which the safety of explosion proof equipment de- 
pends. Such a standard would permit little, if any, 
leeway in the design of explosion proof equipment, 
and would hamper progress in manufacture. The 
standards of the Underwriters’ Laboratories on 
explosion proof equipment, therefore, while covering 
fundamental features of construction, consist mainly 
of performance requirements, including explosion 
tests. 

The purpose of the explosion tests is to demonstrate 
whether the equipment under examination is so 
constructed as not to cause under conditions of 
operation the ignition of surrounding gases or vapors 
of the “hazard group” for which it is intended for 
use. The explosion tests, therefore, serve as a final 
criterion for acceptance or rejection of the electrical 
equipment submitted to the Underwriters’ Labora- 
tories. It is clearly of the highest importance that 
the test procedure employed be practical in its ap- 
plication and fully dependable. It must therefore 


be based upon the fundamental principles of flame 


Fig. 8. An actual explosion test installation con- 
nected to the power line 


propagation that apply to explosion proof equipment. 
These principles, which will now be discussed briefly, 
relate primarily to the development of the explosion 
pressure and the propagation of flame through open- 
ings in an enclosure. 

It has already been noted that the violence of an 
explosion or the pressure developed depends upon 
the nature of the gas or vapor causing it, other factors 
assumed to be equal, and accordingly common ex- 
plosive gases or vapors have been divided into several 
groups as previously discussed. The results of 
explosion tests of an electrical enclosure with a gas 
or vapor of one group does not cover safety of opera- 
tion in a gas of a more explosive group, and it is 
therefore the practice to conduct the tests in a gas 
or vapor representing the group in which the elec- 
trical equipment is intended for use. 


CONCENTRATION FOR MaxImuM PRESSURE 


It is to be noted, however, that all explosions of the 
same gas or vapor are not necessarily alike. Ex- 
plosions of acetylene, for example, may be weak 
developing little pressure, or violent developing a 
high pressure. It is therefore important to have the 
explosion tests of an electrical apparatus with a 
particular gas or vapor develop the full explosion 
pressure characteristic of the gas or group of gases in 
which the equipment is intended for use. 

By referring again to figure 3, it will be seen that 
the explosion pressure of any of the gases included 
depends upon the concentration of the gas in air. 
For example, a low percentage of acetylene or of 
propane in air gives a low explosion pressure. A 
very high percentage of acetylene or propane may 
also give a low pressure. It will be noted further 


156 


that the percentage of acetylene (its concentration 
in air) which gives a peak explosion pressure is 
different from the concentration of propane or of 
ammonia which gives a peak pressure. 

Figure 4 shows the explosion pressure curve of 
gasoline. It will be noted that the concentration or 
per cent of gasoline vapor in air which yields maxi- 
mum pressure is approximately 2.2. 


TURBULENCE 


The explosion pressure curves shown are based 
upon quiescent mixtures, and while they illustrate the 
importance of the relation between the pressure effect 
and the concentration of gas or vapor, they do not 
record the highest explosion pressure obtainable 
under all conditions with the gases included. If the 
explosive mixture is in a state of mechanical agitation 
or turbulence at the time of ignition, a somewhat 
higher explosion pressure is developed. This is 
accounted for on the basis that the motion of the 
gas speeds up the flame progagation. Some forms 
of explosion proof electrical equipment, such as mo- 
tors, when in operation cause a marked turbulence 
of a gas within the enclosure, and it is important, 
therefore, to have such equipment in operation during 
some of the explosion tests. 


INTENSITY AND LOCATION OF SOURCE OF IGNITION 


The intensity and location of the source of ignition 
also influence flame propagation within an enclosure. 
Having a point of ignition near a flame path at a 
joint or other opening causes the flame to propagate 
more readily to the outside. In many of the explo- 
sion tests the use of a spark plug properly located 
for effective ignition inside the enclosure has the 
advantage of saving much time. In the case of some 
types of explosion proof equipment, such as 
circuit breakers, which may yield intense arcs, it is 
necessary in order to duplicate operating conditions 
to depend upon the device itself for ignition of the 
explosive mixture. Judgment is often required in 
choosing the method of ignition to be employed in 
order to obtain the element of danger to be antici- 
pated under service conditions. 


DETONATION 


The phase of flame propagation known as ‘‘detona- 
tion,’”’ which is characterized by a flame travel of a 
much higher speed and a pressure effect of a much 
higher order than occurs in ordinary explosions, is 
possible under conditions where the concentrations 
of the gas-air mixture are in certain proportions, 
provided that the free volume of the explosion proof 
enclosure is large enough. Fortunately, the free 
volume required to produce a detonation of most of 
the common gases and vapors is much larger than it 
is necessary to employ in the construction of ordinary 
explosion proof equipment. It is to be noted in this 
connection, however, that detonations of acetylene 
may occur in a much smaller space than is the case 
with other common gases and vapors. 

Figure 5 is a photograph of a section of extra 
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| heavy iron pipe ruptured in the explosion laboratory 
by a detonation of acetylene. Apparatus was not 
available for recording the pressure developed, which 
was evidently of a high order. The initial pressure 
of the acetylene in this experiment was higher than 
would be likely to occur in electrical enclosures, but 
this does not change the significance of the result. 
Time will not permit a detailed discussion of this 
phenomena, but it is clear that there is a definite 
safety limit to the free volume of explosion proof 
enclosures, particularly of those designed for use in 
group A. 


FLAMES DIFFICULT TO ARREST 


The concentration of gas or vapor in air which 
gives the maximum explosion pressure does not neces- 
sarily produce the flame which is most difficult to 
arrest at openings in the enclosure. In other words, 
it would not be sufficient for the purpose to test an 
enclosure only with the mixture or concentration 
of vapor in air giving the highest explosion pressure. 
It has been found that mixtures containing approxi- 
mately 1.8 per cent by volume of gasoline vapor in 
air are much more likely to produce discharge of 
flame at the joints or other openings than mixtures 
of the order of 2.2 per cent by volume. 

Before data now available on the different explo- 
sions that may be produced by gasoline vapor in air 
were obtained, it was necessary to include a large 
number of explosion tests in order to be certain that 
the explosive range was fully covered. By referring 
again to figure 4 it will be seen that at least 60 or 
70 explosion tests would be necessary to cover the 
effective part of this range. 

It is possible to duplicate under the test conditions 
now employed any of the more dangerous explosions 
that may be produced by gasoline vapor. In the 
chart, figure 6, the column marked ‘2.2 per cent”’ 
represents an explosion giving the maximum pressure, 
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Fig. 9. A typical time-pressure record of an ex- 
plosion test 


while the column marked “1.8 per cent’’ represents 
an explosion giving less pressure but giving a flame 
which is more difficult to arrest than the flame of the 
explosion represented by the column ‘‘2.2 per cent.” 
The width of the columns represents roughly the 
duration of the flame during the kinds of explosions 
shown. The main dotted line represents the ex- 
plosion pressure curve for gasoline (see figure 4). 
The short dotted line at the top of the curve refers 
to a small variation in the explosion pressures of 
gasoline that has never been accounted for. In 
any case a sufficient number of explosion tests to 
include this variation must be conducted to obtain 
dependable results. 


CONTROL OF TEST CONCENTRATIONS | 


In order to obtain the necessary control of the 
concentrations of vapor and air for the explosion 
tests without undue expenditure of time and work 
it is necessary to employ special equipment, the 
development of which required a number of years of 
experimental work. The amount of time saved by 
such equipment appears to have justified the labor 
involved in its development, and it is with some 
degree of satisfaction that figure 7, showing the 
apparatus called ‘‘the carburetor,’ is shown. This 
carburetor is capable of giving a constant predeter- 
mined mixture of vapor and air in large volume over 
a comparatively long period of time. With this 
apparatus and accumulated data as to the effects 
of the various explosion mixtures in terms of pressure 
as well as in terms of flame propagation at joints, it 
has been possible to a considerable extent to reduce 
safely the number of explosion tests necessary to 
determine whether a given electrical apparatus could 
be expected to function safely in an explosive atmos- 
phere. 


OTHER TEST CONDITIONS 


Finally, it is essential that the conditions of the 
explosion tests be comparable with dangerous con- 
ditions as met with in practice. To accomplish 
this, the motor or other electrical equipment for 
test is tapped with threaded holes for attachment of 
a spark plug, a time pressure recording device and 
pipe connection to the carburetor, and installed in 
an explosion box, which is also connected to the 
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carburetor. Outlet connections are provided for 
the electrical enclosure and the explosion box in 
order to permit the displacement of the original 
air in both by the explosive mixture of gas or vapor. 

Figure 8 is a photograph of an actual test installa- 
tion which is connected to the power line. The front 
of the explosion box, which contains the explosive 
mixture surrounding the electrical enclosure, is 
made of readily replaceable transparent material 
to enable an observer, protected by sand bags, to 
note, first, whether an explosion in the electrical 
enclosure causes ignition of the surrounding explosive 
mixture in the box; and second, in case of ignition 
of the surrounding mixture does not occur whether 
dangerous sparks or flame are discharged from any 
of the openings of the electrical enclosure. 

In case the surrounding mixture in the box is ig- 
nited, the electrical equipment has failed to meet the 
tests. If the surrounding mixture is not ignited 
but the visible discharge of dangerous sparks or 
flame from the openings in the enclosure occurs, it 
is safe to conclude that the danger of failure has 
been reduced to a considerable extent, but that the 
margin of safety provided, if any, is inadequate. A 
typical time-pressure record of such a test is shown 
in figure 9. 

A brief summary of the main features included in 
this discussion is given in table I. 


INSPECTION AT FACTORY 


Inspections at factories by engineers of Under- 
writers’ Laboratories are made of listed equipment. 
The listing of explosion proof equipment is restricted 
to such forms of construction as have been found 
by the examination and explosion tests to meet 
with the standard. It is not necessary or practical 
to test every individual unit manufactured, provided 
that the same design and form of construction as 
that originally submitted is employed. 

When inspection service on listed explosion proof 
equipment is first inaugurated at a factory, 100 per 
cent of the output is examined. The frequency of 
inspections subsequently depends largely upon the 
volume of production and the conditions at the 
plant. 

When necessary, an inspector is first given train- 
ing in the explosion laboratory at Chicago. He is 
provided with a guide containing detailed informa- 
tion as to the items to be covered in the inspection. 
In some cases there are special features in the forms 
of construction employed, but in general items 1 to 
7, inclusive (table I) also item 10, are covered in 
more or less detail by the inspector. 

A label is attached to explosion proof motors 
found to meet the requirements. By means of this 
label listed motors of the explosion proof type of 
construction may be recognized wherever found. 
The explosive atmosphere in which the motor is 
intended for use is covered by the group designation 
on the label. 

As long as the labeled motor enclosure is main- 
tained intact, safety of operation is assured. Ma- 
chinery in general and particularly when equipped 
with safety devices to prevent accidents to workmen 
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requires more or less supervision. Likewise, elec- 
trical equipment in connection with machinery for 
use in hazardous locations requires reasonable 
supervision to safeguard against its improper use, 
which might result in serious losses or accidents. 

The importance of providing electrical equipment 
for safe use in explosive atmospheres need not be 
dwelt upon. Loss of human life as well as loss of 
property by fire and explosion is involved which 
fully warrants the added expense incident to the 
installation of explosion proof equipment in locations 
where dangerous atmospheres may exist. 


Operational Solution 
of Electric Circuits 


In the ordinary method of solving electrical 
networks by means of the operational calcu- 
lus, the equations usually are written with 
the restriction that the initial conditions 
be rest conditions, thus reducing consider- 
ably the utility of the operational calculus. 
In this article a method has been applied 
to the solution of electrical networks 
wherein the initial conditions may be 
either rest or dynamic. A general solution 
is derived by which it is possible to write 
all the initial conditions into an ordinary 
operational equation to which the usual 
methods of interpretation may be applied 
to give the complete solution all in one 
stroke. 


By 
CLEDO BRUNETTI 


University of Minnesota, 
Minneapolis 


Te Heaviside operational calculus in 
the past 4 years has come to be recognized as a valu- 
able tool in the analysis of electrical networks. Dur- 
ing this period a vast amount of literature has been 
published, developing and extending the subject in- 
troduced by Heaviside in his ‘Electromagnetic 
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' Theory” and “Electrical Papers.” At first, its use 


ential equations of physics. 


was restricted to only a few students of mathemati- 
cal physics who saw fit to use it in solving the differ- 
Gradually, however, 
it found its way into the hands of the electrical engi- 
neer until now one has but to pick up a technical 
publication to find its use scattered here and there 
among the articles. Colleges and universities have 
adopted and embodied it in their texts on transient 
phenomena, and now it is taught not only to gradu- 
ate students but to senior and recently to junior elec- 
trical engineering students. 

The classical differential equation method of at- 
tack often becomes too laborious, and it is then that 
the operational solution is resorted to. It is an ele- 
gant compact method from the point of view of ana- 
lyticform. The great advantage of the operational 
over the classical method is the manner in which the 
boundary conditions are taken into account. In the 
latter the boundary conditions are taken care of by 
constants of integration, while in the operational 
method they are included automatically in the solu- 
tion. However, the ordinary Heaviside method in 
eliminating the constants of integration, automati- 
cally imposes upon the system the condition of in- 
itial rest; that is, it gives the solution on the basis 
that all of the initial currents and charges in the 
meshes of a network are zero. Therefore, when the 
initial conditions are not rest conditions the Heavi- 
side formula will not give the complete solution di- 
rectly. This must be obtained by adding to the re- 
sult given by the formula the solution for the speci- 
fied initial conditions with zero impressed driving 
forces. But here the ordinary operational method 
of solution is limited in that there is no way of setting 
up an operational equation containing within itself 
the initial conditions. This part of the solution 
must be carried out either by artifices known as 
“switching’’ or by resorting to the classical method. 

In short, when initial arbitrary conditions exist, 
the method would be to superpose linearly the solu- 
tion for initial rest conditions with the given driving 
forces upon the solution for the specified initial con- 
ditions and zero driving forces under the same switch- 
ing conditions. One readily sees how this reduces 
the practical utility of the Heaviside formula for 
problems in which the initial conditions are not rest 
conditions, since the total labor involved would be 
almost twice the usual amount. It is true that sev- 
eral authors such as Bromwich! and Carson? have 
worked out rigorous treatments of Heaviside’s meth- 
ods in which they obtained solutions that include the 
initial conditions. These solutions are obtained 
either by integration in a complex plane or by the 
solution of an integral equation. In order to be able 
to appreciate them, one must have at his command an 
enlarged mathematical background beyond that 
which the average engineer possesses. Jeffries,® 
however, has introduced a method by which the or- 
dinary operational equations for a system may be set 
up containing within themselves the inital conditions. 
It is the purpose of this article to extend and apply 
Jeffries’ method to the solution of electrical net- 
works. Thus the operational equations easily can 
be set up for a network of any number of meshes, 
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which contain the initial conditions and to which, 
then, may be applied the ordinary methods of solu- 
tion, such as the Heaviside formula, to obtain the 
complete solution all in one stroke. 


SOLUTION OF A SIMPLE CIRCUIT 


Consider the simple circuit of figure 1 with a steady 
state current 7% = E/R flowing in it. Att = 0 
switch S is closed, short-circuiting the battery. The 
differential equation for the behavior of the current 
after ¢ = 0 will be 

dt 


di ; US 
copra USES ees eG (1) 
A solution to this equation will be sought such as 
to include the inital condition of 7 = 7 when ?¢ = 0. 
Let ¢ denote the operation of integrating with re- 


spect to ¢ from 0 to ¢ such that 


t 
a i) adt 
it) 


Performing the operation g on both sides of equation 


(2) 


(3) 


Equation 3 may be rewritten in the form 


(1+0%)ins 


or 


(4) 


i= -gFi (5) 
In writing the term g(K/L)i it is implied that R/L 
is multiplied into 7 and the resulting product inte- 
grated with respect to ¢ from 0 to#. To solve equa- 
tion 5, a value for 7 could be assumed and substituted 
into the right-hand part; this trial solution then 


Fig. 1. A simple R-L circuit 


could be checked by comparing it with the left-hand 
part. A more direct way would be to substitute the 
complete expression into the last term thus: 


pL gk: (pe sak 
1 = 1 7. 1 ia 


ia R gk. 
ct ha ) 


Lge tA aa 
fi 


Substituting equation 5 into equation 6, 


oo) QR. qh CK (age Gx: 

= —_-_— —( 74 
fee re Ri Se 
Pe OR. OR Chem OR Gioghv/ me Gis 
f— 4 — ON ed —_ — 
ae mn eT eer eae et 
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rx 4 LS to a aetanta (7) 
after repeating the substitution indefinitely. 

It readily can be shown that the series converges 
and therefore represents a definite function. Fur- 
ther, this now must be shown to be the correct solu- 
tion, by inserting it in equation 5. If this be done, 
the equation is satisfied for all values of ¢ and, in addi- 
tion, it reduces to 7) when t = 0. Thus equation 7 


is the true solution and can be written in the form 
: qR , gRqR = qRqRkqR ; 

= aS eee ee 1s 8 
y (: ett rere ta “ (8) 


The series included between the parentheses is the 
binomial expansion of (1 + gR/L)7} carried out as 
if gR/L were a mere algebraic number. Hence equa- 
tion 8 may be written in the form 


EE (9) 
Is, 


‘= 


provided the operator (1 + gR/L)7! be expanded 
by the binomial theorem before interpreting it. 
Equation 9 gives a shorthand way of writing equa- 
tion 8. But now comparing equation 9 with equa- 
tion 4, it may be seen that equation 9 is also what 
would have been obtained had the solution of 
equation 4 been carried out as if (1 + gR/L) were 
an algebraic number. The interpretation of the 
operational solution, equation 9, requires rules for 
interpreting rational functions of g operating on 
unity and other functions. By interpretation is 
meant a transformation that converts the solution of 
2 into a function of ¢ no longer involving g. Equa- 
tion 9 now will be interpreted directly by means of 
equation 8. 
Since 7 is a constant, 


gR CIN - f. Riot R \2 % 
—-=)(-= VR (i —. ) dieth tesa 
( EN a L 0 16, : LE 2, 


and so on until finally equation 8 becomes 


Gata 
Sy =f 
ee ee pal SNE Shoat. As 
L 2! 3! 
—Rt 


t=he L (10) 


which is the solution sought. 
sion 


Therefore the expres- 


1 


qR 
if aati 
S 


operating ou 7) (a constant) is equivalent to multiply- 
: : —Kt mae : : 
ing %) by e Tr This is the meaning and interpreta- 
tion attached to this expression. At this point it is 
desirable to make a change in notation. 


1 
Replace g by is (11) 
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Inserting equation 11 into equation 9, 


(11a) 


This form of equation is well known, and it is rec- 
ognized immediately that 


Uy on RN eg 

ipo lb =the L 
Therefore aoe has the same meaning as an 
1+ ae 


Consequently it is not necessary to set up a new set of 
rules for interpreting operational equations in q. 
One may go back to equation 9 or 4 and write 


1+ Fini 
pL 4 = I 


or treating p as a constant, 
(R + pL)i = plry 
or finally, 


Ri + pl(i — %) = 0 (12) 
But this is equivalent to equation 1 with the addi- 
tional insertion of p(z — 7%) for di/dt, thus including 
the initial condition that 7 = 7 when ¢ = 0. 
Expressions of the form of equation 9 are to be in- 
terpreted as having the meaning indicated in equa- 
tion 10. However, by virtue of relation 11, equa- 
tions 9 and lla are equivalent so that therefore 


Fig. 2. A simple R-L-C 


circuit 


equation lla may be used; this is more convenient 
provided it be kept in mind that equation lla is 
merely another way of expressing equation 9, which 
is interpreted to mean solution 10. 

Note that no mention has been made of the mean- 
ing of p other than to consider it merely as an opera- 
tor having certain special properties already familiar 
to users of the Heaviside calculus. If therefore the 
original equation be written in the form 


(ip +a)7 = 0 
the new operational equation will be: 
(hip + a)t = pbito 


which contains the initial conditions. Note that the 
initial condition was introduced into the operational 
equation by an actual integration process in equa- 
tion 3. The procedure thus is based upon the con- 
ventional method of integrating differential equa- 
tions. If this equation now be solved by ordinary 
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nethods, it will yield the complete solution for the 
urrent in the circuit. 


THE PROBLEM EXTENDED 


_ The problem now will be extended to the circuit of 
igure 2. Suppose that at the instant the switch is 
pened the capacitance C is charged to a potential 
/, and the initial current is 7). The differential equa- 
ion will be: 

sR: ef (dt = E 
a a7 DN (13) 
Jifferentiating this equation to eliminate the inte- 
ral sign, 


(14) 


Chis equation shall be the starting point; a solution 
o it will be sought. 
Applying the operator q to each of the terms, 


wi pt ty 
ee aie Cs. « 


Bs r8 as! (1-0 
“Jo dt? 0 dt & shina, 


tvaluating the parts of equation 15, 


| Toe gh os 
a ea Ri eres a 


where the subscript 0 denotes the values for ¢ = 0, 
he initial conditions. Applying the operator g once 
nore, 


BL 


(15) 


dt di a 

i — = R R —a—aAl) 
Reigte <2 (#) ce aga eds 

A ; : dt .. gt 
Ga) a] Re+e(Z) [tent <0 
or 


ri + q Ri (16) 


a 
‘ad a| Bi +L au + Lio 
Equation 16 is analogous to equation 4; therefore, 
t can be evaluated in exactly the same manner as 
was equation 4 or 5. In this way, another infinite 
series could be built up analogous to equation 8 
whose terms would contain g’s and other quantities 
R,L,andC. This series then could be evaluated by 
ntegrating with respect to time, between limits 0 and 
, everything in front of a g wherever a q occurred in 
the series. The resulting series would be the com- 
olete solution. 
- However, as may be seen from equations 8, 9, and 
1, it is not necessary to go through all this work. A 
shorthand way of arriving at the same result is to 
solve equation 16 directly for z considering qg as a con- 
stant, thus: 


di ; 
[see (Gees 
1 ee SS ee 


r+h 
ia amy 


(17) 
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ANd 
The expression (z eid deck: z) expanded by the 
binomial theorem would give the series just de- 


; is the sum 


q’ 
L+qR+e 


scribed. In other words, 


of the series in question. 

It is now necessary to interpret this operational 
equation. The true interpretation of course would 
be to apply the infinite series method just described. 
This, fortunately, is not necessary. The equation 
can be converted into the » form (methods for evalu- 
ating which are known) by the transformation g = 
1/p defined by equation 11. As was found, in the 
treatment following equation 11, the solution ob- 
tained from the p form of the operational equation is 
identical with that of the g form or more precisely 
with the infinite series form. Hence the p form may 
be reverted to again, keeping in mind that by doing 
so one merely is solving equation 11 by a more conve- 
nient method. 


Setting g = 1/p in equation 11, 


Z Ri +1 (4) ]4 8 
> 9 Fig p 19 


e=) 


(3) 
Dee ee 


p G 


dt 
p E + as G4 + p* Ly 
t= Ca ya ea (18) 
Pi Ae tare 


|= 


But if equation 18 be rewritten in the form 


. 
(oz na 4) i p| Ri a (%) | Pop io 
G dt} 


an equation similar to equation 14 is obtained with 
2 terms appended on the right of the equality sign. 
Note further that these appended terms all contain 
and vanish with the initial conditions. Here then 
is the form sought—a complete solution containing 
all the initial conditions, all in one operational equa- 
tion. It is necessary only to solve this equation (19) 
in the usual manner (say, for example, by Heaviside’s 
expansion theorem) to obtain the complete solution 
to the problem. 

This last derivation is perfectly general and typi- 
cal. Given any differential equation of the form 


(19) 


di Ae! : 
u($) +R +7 tdt = EF 
it is necessary merely to convert it to the form 
(a,p? be hip ae ¢1) 1=0 


by differentiating to eliminate the integral sign, if it 
should occur in any term, and append on the right 
of the equality sign the terms 


dito + a | Pp? ait 
P| O12 ay, Gee D* 2119 


and then solve the resulting operational equation by 
the usual methods. If any of the constants ai, by, or 


(20) 
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Fig. 3. A-simple R-L 
circuit with 2 sources of 
electromotive force 


¢, happen to be zero, then so much the easier will be 
the solution. 

If the original differential equation does not con- 
tain an integral term, the initial condition terms may 
be appended directly to the right-hand side of the 
equation. The presence of driving forces on the 
right-hand side of the equation offers no difficulty, 
and they remain as part of the equation. Care must 


| nigel 


be observed in appending the terms p 

a (5) | + p%ayiy to choose the constants a, 0,, and 
0 

c correctly. In equation 20 these constants are 

defined as follows: 


a = coefficient of p? term 
bi = coefficient of p term 
¢ = constant term 


Thus, with an equation such as 
dt 

bs i) 
Taha 


there are 2 possibilities of procedure. 
be differentiated, obtaining 

(pL + pR)t = 0 

in which 


Hither it may 


a, = Ib by = Je aq = 0 
or one may choose to work with the original form 
(@L+Ri=E 


since it does not contain any term with an integral 
sign. In this form the inital condition terms may be 
appended directly, but now 


aq = b= 


B= Ik 


In other words, to clarify the procedure remember 
that the equation 


(up? + hip +a)i =0 
was solved by writing it in the form 


(ap +hpta)i=p E + a @ | + party 
0 


In a similar manner, the equation 


(20) 


(21) 


di , 
at = E 
or 
(lp+R)i=E 


may be written in the form 
(pL + R)i= p(Ln) +z 


which becomes the new complete operational equa- 
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tion. For purposes of notation, equation 20 will be 
called the primary form, and 21 the subsidiary form. 

In general, a given set of differential equations of 
the form (where S = 1/C): 


di, : ; 
(2 a + Rut + su fiat) aR 


(1 - 4 Rete a oo iat) -|- eve) eaicire a fi) 
dt, ; : 
(12 Ti + Rati + Sli sat) ap 
(20 ©: a Re Sef iat) ane = p(t) | 23 


ss 
(tn a eRe ee Saf iat) Te aon 


dt A 
(2a = + Runin + San f in ) = fn(i) 


which are the equations for the currents in an m-mesh 
network, are converted to the form: 


(anp? + dup + G1) t1 + (dip? + dip + Gr2)d2+..... = fi'() 
(dep? + bap + Cn) ty + Suetaranet sn clsMene Pence uel elorelsiss Taine) = fo‘(t) 
SEP E ir PI OS LE Arete SLE A I en ie 2 eee (23) 
(amp? ar bap + €n1) BEop es A ho ¢ a 
(Ann? + banb + Cnn) in = fn’ (t) 
by differentiating. The initial condition terms: 
di 
p | bt + an (#),] 3 
: : dz é 
P'auty + P |b + dia (%*) | + prdieteo +... 
0 
PTC CON TO OO Ara ner Oe Mint aI OD eho OO OMDG Into OA OM OU DOEO Gato don (24) 


eae 
pd nitig + Ani dial +. 


di 
Danity + P | bn + Gne (%*) | + pant, +... 
0 


then are appended to the right of the equality signs, 
and the resulting set of operational equations is 
solved in the usual manner to obtain the complete 
solution. Note that: 


Equations 22 are the original differential equations. 

Equations 23 are the primary equations. 

Expressions 24 are the right-hand members of the subsidiary equa- 
tions. 


EXAMPLE 1 


Consider the circuit shown in figure 3. At ¢ = 0 switch S; is 
closed; at £ = # switch S2 is opened, introducing battery E> into the 
circuit. What is the equation of the current after f = t,? The 
original differential equation will be 


Zz 
Lo +R=Bt+h 


Since it does not contain any term with an integral sign, it may be 
adopted immediately as the primary form. 


(ap?>+hp+ali=A+ FE, 
so that the subsidiary equation 


(arp? + bip + ct = Ey + Ey + p E + ay, (%) | + Party 
0 
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will be: 
(Ip + Ri = Ey + Ey + p (Lin) 


since a; = 0; and 


m 4+ £, p 


Mik Ipiar-” 
E+E _R! _ Rt! 
j= ~ OO ee Te ae 


Rt 
where t’ = ¢ —t ee aE 
= EL ad ( € ), a constant. 


EXAMPLE 2 


Capacitor C in figure 4, charged to a potential E,, is discharged 
suddenly into the circuit. The constants of this circuit are of such 
values that R = 2 \/Z/C. Find the equation of current. The 
ordinary differential equation will be: 


di 1 
= Ri+— Jidt= 
L at + Ri+ C tdt =0 
Differentiating to convert it into the primary form: 
il 
(Lo + Re + i)é=0 


The subsidiary form is: 


di 
(ap? +bhpt+ajli=p E + a (“) | + party 
0 


or 


(xe + Ro+ Z)i=o[ Re +2 ($) | + ozs 
0 


Att = 0, 


(2) RS py ti sl Or yO 
ae 
. 
(4) + Ri = —E; 
Hence 
1 
Berea Pets 


il 
Lp? + Rp + - 


Applying the usual formulas, 


It is not necessary to memorize the subsidiary equation. Thus, 


consider again the differential equation for figure 4: 


a ile 
Sap kG ols dt = 0 
La Ri C 4 


Fig. 4. A simple R-L-C circuit 


R=2VL/C 
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Fig. 5. A simple net- 
work comprising a mu- 
tual inductance and 2 
capacitances 


Differentiating, 
a% a 4 

i R-—-+-=0 
di? ct dt a (6 


Reintegrating, to bring in the initial conditions, 


di (di a 7 ia 
2/5 - (4), [42-9 +8 0 


Rearranging, 
di qt di 
Li Ri+== — Rin = —E 
ae A Nee u(#) + 49 c 
Integrating once more, 
ae : a 
DG) "t0) htt ele ec 
g\ . : 
L+qR+ ak = —gk, + Lt 
“ie te 1 ; 
Substituting g = > and z% = 0, 
ie 
(sz + or + 2) é = — bE, 
; — pE; 
—— i 
20, R = 
(BAL, ap GK Ge C 
as before. 
EXAMPLE 3 


Capacitor C, in figure 5, charged to potential V, is “discharged 


suddenly into the circuit shown. The original differential equa- 
tions will be: 


di; Op 4 : 
jean Y cote a, di = 0 
ae tO ec ee 
dig Pe il A ; 
Pe A pes Tea) 
iP gee 


Differentiating to obtain the primary form, 


1 
(1.0 + | i + Mp%, = 0 
& 


1 
Mp%i, + (220 + *) i, = 0 
Ce 


The constants in the subsidiary equations will be: 


én = Ly ay = M dy = M dz = Ly hy = 0 
bn = 0 bi, = 0 bor = 0 bee = 0 tz, = 0 


Also when t = 0 


ee 
Spee 
~—— 
+ 
Ss 
| 
(=) 
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Hence 
(CROCE 
VE) ae go ene re 


dt VM ey 
hl & ea) 
The subsidiary equations then become: 


(2 ae =) i, + Mp, = Likip + Map = —pV 
1 


1 
Mp, + (2.0 SF x) 2 = Mhip + Lokap = 0 
2 


Crossing the St. Lawrence 


With Unstressed Cable Lengths 


In designing and building the 132 kv 
transmission line crossing between Kana- 
wake and LaSalle, Quebec, on the St. 
Lawrence River, the unstressed cable 
lengths were calculated, measured, and 
cut to be continuous over 3 spans. The 
calculated unstressed lengths were meas- 
ured in the field while the cable was being 
erected, without delaying the stringing 
and without necessitating rehandling of 


the cable. 
By 
W. A. MACE Montreal (Canada) Light 
ASSOCIATE A.1.E.E. Heat and Power Cons. 
J. EF THICKE Aluminum Limited, 


ASSOCIATE A.I.E.E. Montreal, Canada 


ly 1931 the Cedars Rapids Manu- 
facturing and Power Company, a subsidiary of the 
Montreal Light, Heat and Power Consolidated, com- 
pleted the construction of a double-circuit 132-kv 
30-mile steel-tower transmission line on the south 
shore of the St Lawrence River to tie in with the 
power development of the Beauharnois Power Com- 


A paper recommended for publication by the A.I.E.E. committee on power 
transmission and distribution. Manuscript submitted Sept. 10, 1934; released 
for publication July 15, 1935. 
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the subsidiary equations become: 
14 + my = —pV mi + nity = 0 


so that 


to which the Heaviside expansion theorem may be applied to obtain 
the complete solution. 
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pany at Beauharnois, Quebec, and with the power 
plant of the Cedars Rapids Manufacturing and 
Power Company at Cedars, Quebec. The tie-in with 
Cedars was to supplement an already existing pair 
of lines on the north shore of the river. The impor- 
tance of this line is evident from the fact that it ties 
in 2 of the main sources of supply with the City of 
Montreal. 

In the route followed, the St. Lawrence River 
is crossed twice: first between Cedars and St. Timo- 
thee, Quebec; and second between Kanawake and 
LaSalle, Quebec. The Kanawake-LaSalle crossing 
is the longer, with a center span of 3,500 feet, approxi- 
mately. At both these crossings the water flows 
very fast. At the Cedar-St. Timothee crossing 
there are the Cedars Rapids, and at the Kanawake- 
LaSalle crossing, the Lachine Rapids. This fast 
water necessarily involved a greater risk and cost 
in the erection of the cables at these crossings. 

As the advantage of erecting the cables in one 
operation is quite evident under these conditions, 
namely, long span and fast water, it was decided, 
after careful study, to accomplish this by measuring 
the conductors to the calculated unstressed length 
in the field, cut them to this exact length, install 
the dead end equipment, and pull them into position 
thus completing the installation in one operation. 
As the cable was being erected it was pulled through 
a measuring trough 200 feet in length and measured. 
This operation involved no delay whatsoever since 
the pulling winch operated continuously. 

It is believed that the calculation and cutting of 
the cables to an unstressed length in this particular 
case is unique in 2 ways: First, the cable is con- 
tinuous over 3 spans, one long center span and 2 
short adjacent spans; second, the cable was meas- 
ured and cut to the calculated unstressed length 
in the field. 

Sags and tensions were calculated as shown in 
the booklet ‘““A.C.S.R. Graphic Method for Sag and 
Tension Calculations’ by Theodore Varney. 

The unstressed cable length for each particular 
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90 FT 322.5 FT = SSS 327 SFT 90 FT 
ANCHOR SUSPENSION SUSPENSION ANCHOR 
TOWER TOWER TOWER TOWER 
l<——905.4 FT rte 3493 FT = ee eS Ce ere! 
D G B A 


condition was calculated for a temperature range 
from 0 to 70 degrees Fahrenheit, and a set of curves 
of unstressed length plotted against temperatures 
was made up and given to the field superintendent. 
These curves contained all the information that was 
required by the men in the field to enable them to 
cut the cable to the exact length. 

The St. Lawrence River being one of the main 
arteries to the Atlantic, navigation regulations in- 
sist on a minimum clearance of 85 feet to the water 
line at all times. To obtain this clearance and have 
the heights of the main towers within reason, a high- 
strength steel-reinforced aluminum cable (A.C.S.R.) 
of 619,000 circular mils, having 42 aluminum and 
19 steel strands, and an ultimate strength of 46,800 
pounds, is used on the river crossing; instead of the 
715,500 circular mil cable having 54 aluminum and 
7 steel strands, and an ultimate strength of 25,000 
pounds, which is used on the rest of the line. 


Anchor tower at Kanawake end of crossing 
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Profile of Kanawake-LaSalle crossing 


As the procedures followed in the erection of the 
conductors and ground wires were identical for both 
crossings, this paper deals only with the Kanawake- 
LaSalle crossing in describing the erection of the 
conductors and the calculation of the unstressed 
cable lengths. 


Details of Kanawake-LaSalle Crossing 


Difference in Elevation (Feet) 


Span Horizontal 
(See Length Ground Top Middle Bottom 
Profile) Feet Wire Conductor Conductor Conductor 
A-B RR Pate nar Or ee cS lets chia 3 DOUG Rin ee oe 21574355 eee 210.18 
IB=C. wee 3,483.0...... De cObeegord 5 ZO ats §.20.. 5.20 
CaDinteain $96. 4.85585 224.60). ens. Q2IT AG seek 215.91 210.66 
Conductors and Ground Wires 
Type—Steel reinforced aluminum cable (A.C.S.R.) 
Size—619,000 circular mils: 42 0.1214 inch aluminum strands; 19 0.1214 


inch steel strands. 

Ultimate strength—46,800 pounds. 
Diameter—1.093 inches. 

Total cross sectional area—0.704 square inch, 
Weight per foot—1.334 pounds. 

Number of conductors—6. 

Number of ground wires—2. 

Maximum loading condition—!/2 inch ice, 
Fahrenheit. 

Maximum tension under above loading— 23,400 pounds. 
Resultant weight per foot of loaded conductor—2.697 pounds. 


8 pounds wind at zero degrees 


ERECTION OF CONDUCTORS AND GROUND WIRES 


After the cable size had been selected and the 
towers and footing designs completed, the next prob- 
lem was to string the first cable across the fast water. 
Various methods suggested themselves, the first being 
to carry the conductor across after the river froze 
over. But unfortunately, because of the extremely 
fast current, the water never completely freezes over 
at this point. Another method suggested was to 
carry over a light rope by means of a collapsible 
box kite. Because of the weight of line required to 
stretch across the river, 2 kites were hooked together. 
This idea might have worked except that the winds 
seldom were favorable. 

After much searching and inquiring throughout 
the neighborhood, a man finally was found who knew 
the river rather well, and he contracted to take over 
the first line in a high powered motor boat. 

It was realized that any rope that became water- 
logged while being towed across the river would sink 
and create a tremendous drag which, in all proba- 
bility, would defeat any attempt to get the line over 
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Cable measuring trough 


by this means. To obviate this hazard a new '/, 
inch manila rope was impregnated thoroughly by im- 
mersion in molten beeswax. One end of this treated 
rope was tied to the motor boat which then was 
started upstream across the river. While the rope 
was being pulled across it was observed to skip and 
jump over the surface of the water, creating practi- 
cally no drag. This !/, inch rope, as may be appreci- 
ated, was taken across successfully. The rope then 
was raised to the top crossarm of the suspension 
towers, passed through a set of travelers, and pulled 
clear of the water. A 1/; inch manila rope then was 
connected to the 1/, inch rope and pulled across the 
river, it in turn taking across a °/,.-inch 6-strand 
(19 wires per strand) hemp-core steel cable, having a 
breaking strength of 9,000 pounds. 

On the far side of the river was situated a power 
winch with a reel of °/15 inch steel cable having a 
breaking strength of 29,000 pounds. The °/1. inch 
cable was fastened to the °/;, inch cable and was 
pulled back across the river by means of a tractor, 
bringing the °/15 inch cable with it. This °/,5 inch 
cable thereafter was used as the main pull-over cable 
for the conductors. At the same time as the °/,5 inch 
cable was pulling across a conductor it was pulling 
across also the °/15 inch cable which always was left 
attached to the °/15 inch cable and used for pulling 
back this main pull-over cable to the starting posi- 
tion. 

The reel of conductor to be strung over the river 
was situated between the anchor and suspension 
towers on the near side. As the conductor was un- 
reeled it passed through a measuring trough, which 
had been laid out with a transit and level and marked 
in a 200 foot gauge length with a tested steel tape. 
From the measuring trough the conductor passed to 
a brake drum where it made 4 complete turns. 

After the end of the conductor had been passed 
over the brake drum a compression dead-end con- 
nector was installed. The conductor was raised to 
the required crossarm point on the near suspension 
tower, passed through travelers and then connected 
to the °/i¢ inch pull-over cable. The power winch 
on the far side was started and the conductor gradu- 
ally was pulled across the river, thence through 
_travelers on the far suspension tower, and finally 
dead-ended on the far anchor tower. 

The conductor was allowed to sag almost to the 
surface of the water so that when the brake was 
applied for short intervals when measuring the con- 
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ductor it was not necessary to stop the power winch; 
the brake was applied for such short intervals that 
there was only a slight decrease in sag. One may 
note, therefore, that the measuring of the cable to 
the exact unstressed length took practically no extra 
time. When the final measurement had been made, 
the brake was applied, the power winch stopped, and 
the cable snubbed off at the near suspension tower 
with 2 come-alongs and an equalizer. 

The cable was cut, the dead-end connector com- 
pressed on, and the cable then taken off the brake. 
drum; the complete dead-end assembly, including 
the turnbuckle connected to the upper yoke, was 
made on the ground and connected to the conductor. 
A 4/4, inch steel cable was connected to the upper 
yoke and passed through travelers fastened to the 
required crossarm point on the near anchor tower. 
The conductor and dead-end assembly then were 
pulled into position by means of a heavy tractor. 
One thus may note that the final pulling in was done 
with the */, inch steel cable and tractor. This com- 
pleted the initial installation of the conductor; all 
that remained to be done was to adjust the turn- 
buckles to give the proper sag and tie in the con- 
ductor at the 2 suspension towers. 

The erection of the ground wires was somewhat 
different as the 2 ground wires also are dead-ended 
at the suspension towers and, therefore, offered a 
more difficult problem. The procedure for the first — 
few stages however, was identical with that for the 
conductors. One readily may appreciate that be- - 
cause of the ground wires’ being dead-ended at each 
suspension tower and also because of the large sag 
that was kept in the cable as it was being pulled 
across the river, the unstressed length would not 
be sufficient to reach between the 2 points of support 
on suspension towers until the cable was in its final 
position. It was necessary, therefore, to allow the 
near end of the cable to pass beyond the near sus- 
pension tower in order to permit tying in at the far 
suspension tower. 

The erection of the ground wire was accomplished 
in the following manner: The cable was pulled 
through the measuring trough, passed around the 
brake drum, and the dead-end connector compressed 
on. The °/;,inch pull-over cable was connected to 
the dead-end connector and the ground wire pulled 
across the river in the same manner as were the 
conductors. When the required unstressed length 
of ground wire had been measured it was snubbed 


Brake drum for 
stopping cable 
during the short 
intervals required 
for measuring 
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off at the near suspension tower, as previously 
mentioned, and the compression dead-end con- 
nector installed. A */, inch steel cable was con- 
nected to this to check the tension, and the come- 
alongs were removed. The erection was continued, 
and when this end of the ground wire had reached 
the travelers on the near tower it again was snubbed 
off with the come-alongs as before. The */, inch 
steel cable then was removed and the dead-end as- 
sembly, which was suspended at the crossarm point 
on the near suspension tower, was connected to the 
ground wire. The */, inch steel cable then was con- 
nected to the upper yoke, and the whole assembly 
was allowed to go along with the ground wire far 
enough to permit hooking into the dead-end assembly 
at the far suspension tower. The tension in the °/\¢ 
inch pull-over cable gradually was released, thus 
throwing the strain on the insulators on the far 
suspension tower. The near end then was pulled 
back by means of the */, inch steel cable and tractor 
and was fastened to the near suspension tower, thus 
completing the installation. 

The ground wires on the 2 end spans were the first 
cables erected; then the ground wires on the center 
span were installed, thus providing a back guy for 
the suspension towers in case of any undue strain 
when erecting the conductors. 

The ground wires on the 2 end spans also were cut 
to the calculated unstressed. length, and as their 
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erection was done over land, the installation of these 
cables was a relatively simple matter. 

To keep the tension in the conductors and ground 
wires as low as possible when pulling into position, 
the turnbuckle on each of the dead-end assemblies 
was left in the extended position. The unstressed 
length had been calculated for the turnbuckles in 
the neutral position, and when this position was 
obtained it was found that for all practical purposes 
the sag checked exactly with the required value. 

It is of interest to note that since these crossings 
have been in service they have been subjected to 
temperatures as low as 40 degrees below zero, Fahren- 
heit, and at other times ice loadings of 5 pounds per 
foot of conductor have occurred without damage. 

To add a certain amount of flexibility in the sag- 
ging of the cables, a turnbuckle with a 9 inch adjust- 
ment was added at each dead-end point. These 
turnbuckies were used in the final adjustment of the 
sag to the values shown on the sag and tension charts. 

Because —20 degrees Fahrenheit with no ice or 
wind is a more severe loading condition for the 
ground wire on the short spans than on the long spans, 
the limiting maximum condition was set at 18,000 
pounds tension at —20 degrees Fahrenheit in the 
plane of the resultant at the upper point of support 
for the ground wire in the 2 outer spans. This 
change was taken care of by a slight adjustment of 
the turnbuckle. 


Of A.LEE. Papers—as Recommended for Publicatica by Technical Commitices 


O. this and the following 42 pages 
appears all remaining unpublished 
discussion of papers presented at the 
1935 A.J.E.E. summer convention, 
Ithaca, N. Y., June 24-28. Authors’ 
closures, where they have been sub- 
mitted, will be found at the end of the 
discussion on their respective papers. 
Members anywhere are encouraged 
to submit written discussion of any 
paper published in ELEcTRIcaL EN- 
GINEERING, which discussion will be 
reviewed by the proper technical com- 
mittee and considered for publication 
in a subsequent issue. Discussions 
should be (1) concise; (2) restricted 
to the subject of the paper or papers 
under consideration; and (3) type- 
written and submitted in triplicate 
to C. S. Rich, secretary, technical 
program committee, A.J.E.E. head- 
quarters, 33 West 39th Street, New 
York, N. Y. 
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D-C Braking of 
Induction Motors 


Discussion and authors’ closure of 2 paper by 
F. E. Harrell and W. R. Hough published in 
the May 1935 issue, pages 488-93, and pre- 
sented for oral discussion at the applications 
to iron and steel production session of the 
summer convention, Ithaca, N. Y., June 27, 
1935. 


P. C. Smith (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): This paper gives 
some interesting test data on d-c braking of 
induction motors but it does not clearly 
distinguish the squirrel cage type from the 
wound rotor, and the conclusion might be 
drawn that the 2 have the same braking 
characteristics. Such is not the case. 
Plugging a squirrel cage motor of normal 
rotor resistance results in comparatively 
low braking torque because, as pointed out 
in the paper, it is working on that part of 
the speed torque curve between 100 and 


200 per cent slip where the torque, as the re- 
sult of fixed secondary resistance, is nor- 
mally low. With a wound rotor motor, 
additional resistance can be connected in 
the secondary and the peak braking torque 
can be made approximately equal to the 
maximum or pull-out torque of the motor. 
A normal motor would have a pull-out 
torque of from 21!/, to 21/2 times full load 
torque which means that high braking 
torques may be obtained with plugging on 
a wound rotor motor. Extremely high d-c 
excitation would be required to produce an 
equal torque with d-c braking. 

Tests were made recently on a 200 horse- 
power 10-pole 60-cycle wound rotor motor. 
With external secondary resistance to give 
full load torque at the beginning of the 
braking cycle, the rotor was brought to rest 
by plugging in approximately one second. 
Approximately 8 times normal d-c excita- 
tion, that is, 8 times the direct current re- 
quired to produce normal flux, and the most 
favorable secondary resistance were re- 
quired to equal this stopping time with d-c 
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braking. Note that the plugging test was 
made with secondary resistance to give 
only full load torque at the beginning of 
the cycle. By suitable adjustment of sec- 
ondary resistance, the maximum plugging 
torque could have been increased approxi- 
mately to pull-out torque, thus reducing the 
stopping time. 

This paper also states that for the stop- 
ping time likely to be required, saturation 
can be neglected and that double excitation 
will give 4 times the torque. This is true 
only when a machine is operated at very 
low induction. If the braking torque de- 
sired means going up to several times nor- 
mal excitation, the torque increase may be 
considerably less than the square of the ex- 
citation. There is also real danger in in- 
creasing the excitation to very high values. 
The unbalanced magnetic pull, tending to 
pull the stator and rotor together, varies as 
the square of the flux and in large machines 
the flux and hence the excitation is limited 
by this factor. In other words, the torque 
obtainable with d-c braking may be limited 
by unbalanced magnetic pull. 


R. E. Hellmund (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): The authors 
in their paper express the desirability of 
making available a method for calculating 
speed-torque curves, currents, and so forth. 
I published such a method in the Llektro- 
technik und Maschinenbau, Vienna, October 
2, 1910, but in view of the remoteness of this 
article both in time and location, it is not 
surprising that the authors were not familiar 
with it. 

In reviewing this article, I find that it is 
quite complete and accurate, except that it 
neglects the reactive drop in the secondary. 
This was quite permissible because the mo- 
tors then under consideration were of the 


wound secondary type with secondary re- 
sistance, and therefore the secondary react- 
ance was of no great practical importance 
in the results obtained. In squirrel cage 
motors, however, the secondary reactance 
is not negligible under some operating con- 
ditions. A method taking this into account 
is shown in the diagram in figure | of this 
discussion. 
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If we assume that there is a secondary 
current J, while the rotor is rotating in the 
d-c field, such current of course causes the 
usual reactance drop ex and a resistance drop 
er. Accordingly, voltages —ex and —éy 
must be induced in the motor, and this in 
turn means that the fields Fy and F, leading 
these voltages by 90 degrees must be avail- 
able. The resultant field is the geometric 
sum of the 2 fields (indicated as Fin). If 
the vectors so far discussed correspond to 
the synchronous speed, i. e., full frequency 
in the rotor, corresponding fields for other 
speeds can be derived readily. The react- 
ance drop in the rotor decreases in propor- 
tion to the speed and frequency. How- 
ever, since the field inducing the voltage 
—ex changes its frequency in the same pro- 
portion, the size of the field Fy required for 
the assumed secondary current will remain 
constant for all speeds. The ohmic drop 
voltage ey and the corresponding voltage 
—ey remain constant, but in so far as this 
voltage is induced at half frequency, at 50 
per cent speed it requires a field twice as 
large as for full frequency and we obtain 
the resultant field vector Fp. Similarly, 
at quarter speed, the ohmic drop field must 
be 4 times as large as at full speed; at 10 
per cent speed, it must be 10 times as large, 
with resultant field vectors of Fo, Fo, etc. 
With the resultant fields known, the result- 
ant magnetizing currents required to set up 
such fields can be found from the saturation 
curve; these are indicated in the figure as 
vectors I yoo, I 50, Typ, Iuno- The pri- 
mary currents, lioo, Iso, Je, and Lio, follow 
from the vectorial combination of the sec- 
ondary current and the magnetizing cur- 
rents as shown. The primary currents 
thus obtained are equivalent alternating 
currents, from which, however, the corre- 
sponding d-c values can be determined 
readily for various stator connections as 


Fig. 1. Wector diagram for squirrel cage 
motor considering secondary reactance 


outlined in the article previously referred 
to. 

By working out the diagram of figure 1 
for a number of secondary current values, 
a family of curves as shown in figure 2 of 
this discussion can be obtained, and it is 
then possible to obtain values for assumed 
primary currents such as MN or OP. The 
corresponding torque values follow directly 


from the product of the secondary current 
and the resistance component of the field 
applying to each point. 

While the method indicated is simple in 
principle, it requires the calculation of a 
great many individual values. This, how- 
ever, is unavoidable in cases where the 
change in the saturation of the machine can- 
not be neglected. While in an induction 
motor operated from an a-c source, the 


DIRECT CURRENT I 


SPEED 


plotted from method of 
figure 1 


Fig. 2. Curves 


total field remains reasonably constant, 
thereby simplifying calculations, the field 
in a motor excited by means of direct cur- 
rent varies over wide ranges unless it is 
continuously readjusted, which is usually 
impracticable. If, for the purpose of sim- 
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Fig. 3. Current proportions for d-c excitation 


plification, we neglect the secondary react- 
ance, the current proportions for a given 
direct current J, are indicated in figure 3 of 
this discussion. With the assumption made 
the magnetizing current Jy is always at 
right angles to the secondary current, which 
means that point B travels along the circle 
ABCD. The proportions shown for point 
B are somewhat in line with normal motor 
operation and Jy,’ is a measure of the field 
strength. As the motor slows down, how- 
ever, and approaches zero speed, propor- 
tions somewhat as indicated at point C may 
be obtained. It will be seen that the mag- 
netizing current Jy,’, and therefore the field, 
is very much larger. Unless readjustments 
are made this will result in very excessive 
magnetic pulls, which in turn are likely to 
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lead to mechanical troubles if the mechani- 
cal design of the motor is made without this 
condition in mind. These magnetic pulls 
are large not only on account of the large 
field, but also because certain equalizing 
currents which are set up while the motor 
is running at normal alternating voltages 
are absent. 

Figure 4 shows how in the article pre- 
viously referred to the deceleration of a 
motor has been calculated. Curve A rep- 
resents the speed-torque curve of the motor; 
B, the load and friction resistance. Curve 
C is the sum of these. By approximating 
this latter curve by 38 straight lines, D, E, 
and F, equations for such straight lines can 
be set up and formulas for the deceleration 


have been derived as applying to these 
straight lines. 

The discussion given by P. C. Smith and 
other comparisons made are likely to result 
in the impression that there is a fundamen- 
tal difference between the torque obtain- 
able with d-c braking and that obtainable 
with a-c plugging. Any differences which 
might exist are not so much of a theoretical 
fundamental nature as they are of practical 
consequence. The torques that can be ob- 
tained with the 2 methods are exactly the 
same so long as there is sufficient possibility 
of regulating both the stator and rotor cir- 
cuit conditions, as is the case with wound- 
secondary motors. The torque is always 
proportional to the secondary current and 
the resistance component of the field re- 
gardless of whether the field is induced by 
alternating or direct current. However, 
as already pointed out, the field in a-c opera- 
tion is reasonably constant, making the 
regulation of the secondary current condi- 
tions reasonably simple. On the contrary, 
with d-c excitation both the fields and cur- 
rents tend to vary over wide ranges, as 
indicated in figure 3, and therefore in order 
to obtain the most desirable conditions, ad- 
justments in both the primary and the sec- 
ondary circuits are required to maintain the 
proper relations between the 2 circuits; 
this is likely to lead to complications in 
some practical applications, particularly 
where the load may vary. Nevertheless, 
certain other cases will be found in actual 
practice, such as the one described by the 
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authors for small squirrel cage motors, 
where d-c braking is advantageous if proper 
precautions are taken with regard to both 
the electrical and the mechanical design 
of the motors. 


L. A. Umansky (General Electric Co., 
Schenectady, N. Y.): This paper is a very 
excellent one and gives a clear picture of 
application of d-c dynamic braking to in- 
duction motors. It is certain that both the 


designing and the application engineers will 
use this article widely as a reference. 

The comments which are given below are 
made primarily from the viewpoint of an 
application man. 


While it is well known 


Fig. 4. Method of 
calculating decelera- 
tion of motor 


that d-c dynamic braking, as described by 
the authors, is appreciably better than 
plugging, it is felt that dynamic braking 
can be applied in yet another and more effi- 
cient manner, affording a still greater ad- 
vantage from the standpoint of motor losses 
and motor heating. 

It is assumed that a group of squirrel 
cage motors driving a mill table or coiler is 
furnished with power from a separate ad- 
justable frequency set. The latter con- 
sists of an alternator driven by a d-c motor. 
The frequency of the a-c system is controlled 
by the excitation of the d-c motor. Assume, 
for instance, that the frequency range is, 
say, 20-60 cycles, giving a 3:i speed range 
to the mill table. 

If a squirrel cage motor connected to an 
inertia load is started at the frequency and 
voltage at which it will operate when fully 
accelerated, then the rotor losses are approxi- 
mately equal to the kinetic energy which is 
put into the rotating masses during the ac- 
celerating period. Stator losses add their 
share to the motor heating. 

Likewise, when d-c excitation is applied 
to a squirrel cage motor when it is still run- 
ning at its full speed (i. e., immediately after 
it has been disconnected from its source of 
operating frequency and voltage), then the 
stored energy of the rotating parts is con- 
verted into heat in the rotor, (neglecting 
the friction losses). Exciting direct cur- 
rent also contributes its share to the motor 
heating. 

Now let us consider another method of 


operation. Assume that a group of squirrel 
cage motors with an operating range of 20- 
60 cycles must be accelerated from stand- 
still to its maximum, or 60 cycle, speed. 
The adjustable-frequency motor-generator 
set is idling at 20 cycles. The squirrel cage 
motors are connected to the alternator and 
are accelerated to the 20 cycle speed. Since 
the energy of the rotating parts at 20 cycles 
is only 1/9 of that at 60 cycles, the rotor 
losses are reduced in the ratio 9:1. After 
the 20 cycle speed is reached, the motor 
generator set is accelerated, together with 
the squirrel cage motors. 

Of course, motor losses occur while accel- 
erating in this manner from 20 to 60 cycles, 
but such losses are very much lower than 
if the motors were started at 60 cycles with 
100 per cent slip. 

When these motors are to be brought to 
rest from their 60 cycle speed, they remain 
connected to the alternator, and the set is 
rapidly decelerated to the 20 cycle speed. 
The squirrel cage motors act as induction 
generators, pumping the stored energy of 
rotating parts into an external resistor 
which is then connected to the terminals of 
the alternator. The stored energy of the 
motor generator set is partly spent as heat in 
the resistor and is partly pumped back into 
the d-c system. 

Finally, when the 20 cycle speed is 
reached, the squirrel cage motors are dis- 
connected from their a-c supply and d-c 
dynamic braking is applied. This brings 
the motors to rest. The rotor losses, 
during the dynamic braking period, are 
approximately 14/) of the corresponding 
losses if d-c braking were applied at 60 
cycles. 

It is evident that with this method of con- 
trol, if all details are properly worked out, 
the rates of acceleration and retardation of 
the mill table or coiler can be readily made 
as fast as with the method described in the 
paper. The torque of the squirrel cage mo- 
tors may be easily maintained at a high 
value by alternator field forcing. The 
motor generator set can be retarded as fast 
as, or faster than, the table motors; both 
the alternator and the d-c motor are used for 
braking, and the only inertia involved is 
that of the electrical machines themselves. 
In contrast, the squirrel cage motors are 
connected to mechanical parts having large 
inertias of their own. 

Calculations show that with the operating 
method suggested in this discussion, the 
total losses in the squirrel cage motors may 
be reduced as much as 50 per cent, as com- 
pared with the method described in the 
paper. Either the motors will run much 
cooler and operate more reliably, or else 
smaller motors can be selected, reducing the 
first cost of the equipment. Several instal- 
lations of this type are in successful service, 
or on order. 

There is another factor that should be 
taken into account when discussing the 
rates of acceleration and retardation of a 
mill table. After all it is not the move- 
ments of the table itself, but of the metal on 
the table that we are interested in. The 
only force connecting the metal to the table 
is the friction. The coefficient of friction is 
seldom, if ever, higher than 0.2-0.25. Thus, 
rates of acceleration or retardation higher 
than, say, 0.25 X 32.2 = 8.05 feet per 
second per second, are not practicable, 
since then the metal will merely slip on 
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rollers and its surface easily might be 
scratched. On this basis a strip traveling 
at, say, 2,000 feet per minute, or 33 feet per 
second, cannot be stopped in less than ap- 
proximately 4 seconds, even though the 
table itself can be stopped quicker. In 
these 4 seconds .the strip will travel approxi- 
mately 66 feet, even if the rate of retarda- 
tion is uniform; otherwise the distance 
traveled will be still greater. 


F. E. Harrell and W. R. Hough: Referring 
to P. C. Smith’s comment, it would appear 
likely to the authors that too high a value 
of secondary resistance was selected as “‘the 
most favorable” in the test of d-c braking 
the 200-horsepower wound rotor motor. 
With the most favorable secondary resist- 
ance, the time to stop by direct as opposed 
to alternating current is likely to predicate 
a curve with much less than full load torque 
at the beginning of the cycle. 

With reference to his further statement, 
the authors would cite that by test on mo- 
tors carrying windings capable of develop- 
ing their full open rating as motors, in no 
case did the value of braking direct current 
equal or exceed the alternating current in- 
cident to plugging the motor to rest in an 
equal time. 

The authors are deeply grateful to R. E. 
Hellmund for citing his contribution on this 
subject in the Vienna paper of 1910, and 
shall be interested particularly in comparing 
their test results with his theoretical ap- 
proach. 

The comments offered by L. A. Umansky 
are very timely with regard to the runout 
table application. With regard to the 2 
methods of acceleration and deceleration 
described by him, the authors agree to the 
principle that the losses in the motors are 
lessened by acceleration to a low base fre- 
quency and then speeding up by accelera- 
tion of the d-c motor driving the alternator 
set as compared to acceleration directly to 
the final frequency, although they are not in 
agreement as to the 50 per cent reduction 
proposed. The authors find it necessary 
to differ with him in his assertion that rates 
of acceleration and retardation can be 
readily made as fast with one method as the 
other. Theoretically, this should be pos- 
sible, but as a practical matter it seems im- 
probable that a 500-horsepower, 3:1 field 
weakening motor should be called upon to 
accelerate from full to weak field speed with 
a 200 per cent or greater load in one second 
elapsed time. 

In the authors’ estimation, both methods 
have their definite fields of application. 
Where the duty cycle to be imposed makes 
necessary acceleration to speeds of 1,600- 
2,000 feet per minute of all or portions of a 
runout table in 4 seconds or less, then ac- 
celeration to a final frequency seems un- 
avoidable. If longer times are acceptable, 
then the economy of acceleration through 
the alternator set should be applicable. 
Similarly, if stopping in 5 seconds or more 
is acceptable, then deceleration through the 
alternator set should be applicable, but if 
shorter stopping times are necessary for 
any reason, then d-c braking seems the 
most practicable. 

After all, most such installations of either 
type in modern strip mills are hardly rec- 
ognizable by their conceptors after the op- 
erating people have introduced their own 
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modifications in duty cycle and method of 
operation. The basic difference between 
the 2 methods, as outlined by Umansky, 
seemed to the authors to be the time ele- 
ment. 


Electric Power Equipment 
for Steel Plants 


Discussion and author's closure of a paper by 
R. H. Wright published in the May 1935 
issue, pages 481-5, and presented for oral 
discussion at the applications to iron and steel 
production session of the summer convention, 


Ithaca, N. Y., June 27, 1935. 


R. E. Hellmund (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): Little can 
be added to the author’s review of the past 
developments in electrical power equipment 
for the steel industry, as his paper is concise 
and yet as complete as possible with the 
time and space available for such papers. 
It may, however, be appropriate to briefly 
discuss future possibilities, particularly with 
reference to the applicability of the newest 
member in the family of electric devices— 
namely, electronic devices—to the steel 
industry. 

Undoubtedly there will be many instances 
where electronic devices will be used for con- 
trolling, regulating, and metering purposes 
as the industry becomes more familiar with 
the possibilities along this line. A few in- 
stallations of this kind have already been 
made. However, the introduction of elec- 
tronic devices for main power purposes has 
been delayed because the mercury arc recti- 
fier, which is the only electronic device able 
to handle large currents in practice, did not 
compare favorably from an efficiency point 
of view with other converting apparatus for 
continuous voltages generally applied in 
steel mill work. Improvement in this situa- 
tion has been brought about through: the 
development of the igniter type of mercury 
rectifier which materially increases the effi- 
ciency for lower voltages as compared with 
the ordinary rectifier. In view of this and 
also because pool-type rectifiers have 
reached a high degree of reliability, their 
entrance into the steel industry for conver- 
sion’ purposes is to be expected as soon as 
plant expansions are undertaken. Inas- 
much as these devices do not require any 
attendants and are especially favorable 
from an efficiency point of view where the 
load factor is low, they should prove attrac- 
tive in quite a number of cases. 

While electronic devices as a means for 
obtaining economical speed control of mo- 
tors have been discussed quite frequently, 
the prospects of their practical application 
are not particularly bright at this time. 
Most of the proposed arrangements are at 
present not economical either from a first- 
cost or an operating point of view. The 
arrangement coming closest to a practical 
solution is a voltage-controlled pool-type 
rectifier for adjustable-speed d-c motors 
that are not called upon toregenerate. Un- 
fortunately, however, there is usually a 
need for quick speed reduction where ad- 
adjustable-speed d-c motors are used, which 
in turn is likely to require temporary re- 
generative operation. The pool-type recti- 


fier is not reversible in its operation, which 
means either a reconnection for regenera- 
tive operation, resulting in undue complica- 
tions, or else a second pool-type device to 
handle the regenerative current; this, how- 
ever, appreciably increases the first cost. 
In some cases where the regenerative pe- 
riods are very short and where, therefore, 
the return of such regenerative power to 
the line is of no practical importance, ar- 
rangements might be made for dissipating 
such power in a rheostat. 

It is not altogether impossible that the 
latter arrangement may work out advan- 
tageously in the not-too-distant future, but 
on the whole it is not to be expected that 
electronic devices will be used to any marked 
extent for motor control in steel mills within 
the next few years. 


R. H. Wright: R. E. Hellmund’s comment 
on the status of the mercury arc rectifier 
answers questions frequently raised by steel 
mill engineers. In the past, 0.8 power 
factor synchronous motor generators have 
been used almost entirely for direct current 
supply, because of their ruggedness and 
simplicity and because they afforded a 
means of regulating the power factor of the 
plant system. Now that power factor cor- 
rection is no longer a major consideration in 
the selection of new equipment, the mercury 
are rectifier has a number of features 
which are attractive to steel plant engi- 
neers. This condition, together with a 
growing faith in electronic devices gener- 
ally, will cause any future developments to 
be received favorably by steel mill operating 
men. 


D-C Circuit Breakers 
for Steel Mill Service 


Discussion of a paper by William Deans pub- 
lished in the June 1935 issue, pages 594-8, 
and presented for oral discussion at the appli- 
cations to iron and steel production session of 
the summer convention, Ithaca, N. Y., June 
27,1935. 


R. E. Hellmund (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): The au- 
thor’s comments on the secondary and 
arcing contacts through which the current 
is led in such a manner that the contact 
pressure is increased by the magnetic action 
of the current were rather interesting to me. 
The necessity for this became quite evident 
to us about 8 years ago when we first had 
laboratory facilities available giving 80,000 
amperes at full voltage. At that time it 
was found that in automatic substations for 
rather high power concentration the ordi- 
ary industrial contactors did not have suffi- 
cient interrupting capacity, while the con- 
ventional carbon breakers then available 
were not quite suitable from a mechanical 
point of view for the frequent operation of 
these substations. This led to the develop- 
ment of certain circuit interrupters in which 
the secondary and arcing contacts were first 
formed in the conventional manner but 
which, after a number of tests, were built 
along the principles described in the paper. 
As a matter of course, the experience was 
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utilized in all subsequent designs wherever 
considered necessary. The same tests also 
indicated that with these enormous currents 
and the high rate of rise, the self-inductance 
of the current path to the secondary and 
arcing contacts is of some consequence, and 
therefore an inductive voltage has to be 
overcome in the transfer of current from the 
main to the secondary contact, which will 
lead to harmful arcing at the main contact 
unless all possible efforts are made to 
reduce the length of the path from the main 
to the secondary contacts. 

The tripping feature shown in the paper 
which is obtained by splitting one of the 
conductors and making one part thereof 
self-inductive by surrounding iron, was 
used in the early high-speed breakers for 
railway substations and was found to be of 
material assistance in preventing flashover 
of the rotary converters. 

In view of the fact that flashover of ma- 
chines is one of the most likely causes of 
short circuits, the availability of electronic 
devices as an additional means for protec- 
tion and bringing about high speed circuit 
breaker operation may be of some signifi- 
cance. With the 80,000 ampere testing 
equipment previously mentioned, light 
sensitive tubes are arranged near the 
brushes and cause the breakers to trip if 
there is any flashing at the brushes. How- 
ever, since these particular machines were 
designed for frequent short-circuit service, 
flashing has not occurred. In some of the 
laboratories for short-circuit testing, light 
sensitive tubes have also been applied in 
the neighborhood of the busses and have at 
times operated and given the desired pro- 
tection, when arcing occurred in the bus 
structure or a switching device not intended 
for heavy arcing service. 


C. H. Black (nonmember; General Electric 
Co., Philadelphia, Pa.): The author is to be 
congratulated upon the timely subject 
matter and excellent presentation of his 
paper. Two arrangements of the switching 
equipment are possible. One is based upon 
the use of 2-pole air-circuit breakers for 
generator and motor protection, while the 
other makes use of single pole breakers. 
With the first arrangement, as illustrated 
in the paper, the 2 main busses are seldom, 
if ever, spaced very far apart. In fact, 
there would be no point in so doing, because 
the solid bar connections from those busses 
must be brought close together when they 
are brought to the terminals of the 2 pole 
breakers. The author has referred to the 
enormous mechanical stresses, at time of 
short circuit, to which the busses are sub- 
jected in such an arrangement. It. is, of 
course, obvious that the connections to the 
breakers and the conducting members of 
the breakers themselves may be subjected 
to even greater stresses because the spac- 
ings here are usually less than the bus spac— 
ing and, unfortunately, the means available 
for mechanical support of these members 
are not always so dependable as, for ex- 
ample, the very sturdy bus-supporting struc- 
ture which Deans describes. Then, too, 
there is the ever present possibility of that 
most dreaded of all electrical failures—a 
bus short circuit. Such short circuits have 
arisen from widely varied causes, ranging 
from human carelessness to flashovers fol- 
lowing emission of gases from circuit inter- 
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rupting devices. In this connection, it 
should be remembered that the 2 closely 
spaced upper studs of each 2 pole circuit 
breaker are solidly connected to the 2 busses 
of opposite polarity and therefore are, in ef- 
fect, a part of the bus. The metallic en- 
closure unquestionably provides a pleasing 
appearance and may tend to minimize the 
hazard of carelessness which would other- 
wise be a serious obstacle to any wide spread 


years ago for this specific service, and which 
has been successfully used in a large num- 
ber of 600 volt mill installations, including 
a narrow strip and a merchant mill in the 
Detroit area. Based upon the highly suc- 
cessful operation with the single pole inter- 
rupter and the resultant separation of 
busses in one of these installations in the 
Detroit area, the engineering layout for a 
new strip mill in this same location specifies 


Fig. 1. Typical 600 
volt machine ar- 


rangement, showing 
breaker and bus ar- 
rangement 


- AIR CIRCUIT 
=— BREAKER 


APPROX, 8 FEET 


adoption of this arrangement. Unfortu- 
nately, however, it does not eliminate other 
possible sources of bus short circuit and it so 
greatly increases the cost of the equipment 
that, for these among other reasons, the 
idea of metal enclosures and drawout 
breakers has not yet gained recognition or 
acceptance for any other installations, in- 
cluding even the several installations where 
the 2 breaker arrangement has been used. 

The other arrangement is based upon the 
use of single pole breakers. Starting from 
the leads of each generator, which are usu- 
ally rather widely spread, the connections 
and the busses of opposite polarity are 
spaced just so far apart as the building 
space allocated to switchgear will permit. 
A distance of from 6 to 8 feet between cen- 
ters of busses or connections of opposite 
polarity is not uncommon. 

The arrangement generally used is shown 
schematically in figure 1 of this discussion. 
The improbability of bus short circuits is 
obvious. It can also be seen that short- 
circuit stresses, which vary inversely as the 
square of the separation, are minimized 
and that no conductors of opposite polarity 
are located within the region where gases 
might be liberated from the interrupting 
device. Hence, from the viewpoint of 
eliminating bus short circuits and of safely 
withstanding short circuits which may oc- 
cur elsewhere, this arrangement would 
seem highly advantageous. A _ single-pole 
circuit interrupting device is shown in one 
lead of the typical machine with a knife 
switch (for isolating purposes only) in the 
other lead. This requires the use of an in- 
terrupting device which was developed some 


a similar arrangement and similar interrup- 
ters. In this new installation the concen- 
tration of power will be as great as in any 
thus far encountered either in existing in- 
stallations or in any miils now contem- 
plated. 

The interrupter referred to has a specially 
designed magnetic blow-out coil and arc 
chute, with design verified by factory tests 
and by field experience. Designed specifi- 
cally for steel mill service, provision is made 
for reducing maintenance to a minimum and 
for permitting the device to withstand safely 
the numerous overloads to which it may be 
subjected. Solid-silver high-pressure block 
contacts and a compact, yet extremely 
sturdy, self-contained operating mechanism 
are the salient characteristics which guard 
against deterioration as a result of frequent 
operation and heavy overloading. A rate- 
of-rise tripping device, which does not at 
any time reduce the effective cross section 
of the copper conductors, has been included 
in the construction of this device through- 
out the last 8 or 9 years. Deans has very 
clearly stated the advantages accruing 
from the use of such a means of tripping. 

It might be mentioned that the single- 
pole breaker arrangement has been used for 
many years not only in steel mills but also 
in 600 volt railway service, so that there can 
be no question of the adequacy of a suitably 
designed single-pole breaker installation; 
however, the use of only one single-pole in- 
terrupter is not absolutely essential to the 
arrangement described. Obviously, con- 
ventional types of air circuit breakers, with 
or without the modifications described by 
Deans, can be used by having the 2 poles 
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(necessary for interrupting duty) made up 
of 2 single-pole units, one to be used in the 
location I have indicated for the circuit in- 
terrupter, and the other to replace the knife 
switch. Such an arrangement may be used 
when the extra expense involved is war- 
ranted. 


Speed Transients of D-C 
Rolling Mill Motors 


Authors’ discussion and closure of a paper 
published in the April 1935 issue, pages 
387-94, and presented for ofal discussion at 
the applications to iron and steel production 
session of the summer convention, Ithaca, 


N. Y., June 27, 1935. 


L. A. Umansky and T. M. Linville: We 
wish to make 2 clarifying statements: 

1. The oscillogram, on the basis of which 
curves A and B of figure 2 of the paper were 
plotted, was obtained by the engineers of a 
steel company and given to the authors for 
the purpose of studying the case and of rec- 
ommending the most suitable drive. Curve 
C of the same figure was calculated by the 
authors. Not wishing to disclose the steel 
company’s name, the authors did not ac- 
knowledge the origin of the oscillogram; 
at the same time they do not wish to claim 
any credit for having obtained it experi- 
mentally. 

2. A statement made by the authors re- 
garding the scrap resulting from the speed 
fluctuations of electric motors individually 
driving the stands of a tandem mill may be 
misinterpreted. The authors certainly did 
not mean to imply that the tube mill to 
which reference is made, rolls its product 
with a higher percentage scrap than any 
other mill not arranged or equipped in the 
same manner. Quite to the contrary, the 
authors believe that the use of individual 
drives for the tandem mill stands results in 
an arrangement which is not only practi- 
cable and successful, but is usually the most 
economical and flexible one. It goes with- 
out saying that the electric drives for such 
a mill should be designed with proper char- 
acteristics, and the authors hope that their 
paper serves as a further contribution to 
that end. 


Design and Operation 
of Huntley Station No. 2 


Author's closing discussion of a paper published 
in the June 1935 issue, pages 632-45, and 
presented for oral discussion at the power gene- 
tation session of the summer convention, Ithaca, 
N. Y., June 25, 1935. Other discussion 
was published in the September 1935 issue, 
pages 996-1001. 


H. M. Cushing: Referring to the split bus 
system at Huntley, C. M. Gilt states that 
the Brooklyn Edison Company is able 
usually to keep the voltage variation be- 
tween busses to less than 2 volts. The 
very fact that the subtransmission system 
with its 4 kv substations and low voltage 
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network vaults is practically a network in 
itself precludes any appreciable unbalance 
between the 22 kv busses with the scheme 
of connections used, that is, with the feeders 
equally divided between the 2 busses. On 
rare occasions there has been a slight phase 
angle between the busses which was evident 
by the slight reversal of the watt-hour meter 
on one of the 22 kv station feeders supplying 
the 550 volt reserve bus (the two 22-kv 
station feeders tie the station busses to- 
gether through the 550 volt reserve bus, 
which is usually lightly loaded), indicating 
a very small flow of power from one bus to 
the other. The maximum voltage difference 
which has been observed at Huntley No. 2 
between the 2 22-kv busses has been 1.5 
volts on 120 volt basis. This has been easily 
corrected by interchanging one or 2 22-kv 
feeders. No trouble has been experienced 
at any time with unequal loading or voltage 
difference between the 2 busses, nor has 
any trouble been experienced with un- 
desired network switch operation, or by 
unequal loading or overloading of network 
transformers. 

M. Penn mentions the low turbine availa- 
bility factor. This was caused in part by 
the fact that inspections and repairs were 
made on a 40 hour week basis. Had the 
turbine been required by the load, 2 shifts 
and overtime would have reduced the out- 
ages (the result of ordinary causes) to less 
than half the value given. The unusual 
cause for outages was an unstable shaft 
forging, as explained by A. R. Smith in 
his discussion. 

The 2 19-foot steel stacks superimposed 
on the building steel are gunite lined and 
no corrosion is evident to date. Difficulty 
is now being experienced in finding a suitable 
protective coating for the inside of that 
portion of the unlined accordion type steel 
breechings which extend above the roof. 
Any new breeching will probably be lined 
with gunite, with special provision for ther- 
mal expansion. 

In table I of the paper the idle but availa- 
ble 1933 hours for unit 1, should be inter- 
changed with the corresponding 1932 
figures for unit 2. 

As M. Penn states, the split bus scheme 
of operation does require care in the system 
layout so that the split is not nullified by 
the ties through the transmission system. 
At present the kilovoltamperes that would 
be fed into a bus fault through the sub- 
transmission system from the unfaulted bus 
are approximately 100,000. In the paper 
it was stated that a bus fault under present 
conditions would amount to 640,000 kva; 
however, the 100,000 kva would increase 
the figure to 740,000 kva. In clearing a bus 
fault at Huntley No. 2, it is apparent from 
the diagram that a breaker interrupts only 
a part of the total, because the fault current 
is divided over a number of circuits. 

F. A. Allner suggests the rehabilitation 
of the 25 cycle plant as a means of obtaining 
60 cycle power. This could not be con- 
sidered at the time Huntley No. 2 was de- 
signed because all of the capacity of Huntley 
No. 1 was in use and the commitments to 
the 25 cycle customers required more power 
than would be released by the 60 cycle 
conversion. 

The steam conditions are as Allner states, 
425 pounds per square inch gauge pressure, 
and 750 degrees Fahrenheit total temper- 
ature at the turbine throttle. Coal burned 


is a high volatile (27 to 34 per cent) Pitts- 
burgh district bituminous coal, running 
from 8 to 12 per cent ash, and 2 to 4 per 
cent sulphur. The weighted average of the 
heating values of coal as burned has been: 


1931 13,030 Btu 
1932 12,815 “ 
1933 13,135 “ 
1934 13,183 “‘ 


The reason why Huntley Station is kept in 
running reserve during periods of high flow 
when its capacity is not needed tocarry the 
load is that the 60 cycle hydro power is 
transmitted to Buffalo over 200 miles of 
transmission lines supplying other loads 
enroute. 

A boiler held in hot reserve can be brought 
on the line in less than 10 minutes from the 
time it is called for. A cold boiler requires 
90 minutes, using 4 15-minute periods of 
firing and 3 10-minute intervals during 
which the fire is out. This is necessary to 
prevent excessive metal temperatures on the 
interdeck superheaters. For the first 15 
minute period the oil lighters are kept lit 
continuously. After that, the lighters are 
used only for starting the powdered coal. 
Each lighting of the pulverized fuel burners 
is listed in table II as a separate boiler 
start, hence putting on the line from cold 
requires 4 starts. The fuel to keep a boiler 
hot for 24 hours cost $16.00, and to bring a 
cold boiler on the line it cost $26.00. 

It is the author’s opinion that higher 
steam pressures and binary cycles should 
be seriously considered in a base load design. 
As for Huntley No. 2, the extra cost of a 
higher pressure plant could not be justified 
now, nor when the plant was built. 

The author, in mentioning the advantage 
to be gained by designing the steam plant 
and Buffalo’s 60 cycle delivery system con- 
currently, had in mind mainly the electrical 
features of the plant. The coincident design 
permitted the fullest advantage to be real- 
ized in the adoption of the split bus scheme. 
Allner is right if he is referring in his dis- 
cussion to the choice of steam and mechani- 
cal details. 

F. R. Longley’s inquiry regarding the 
magnitude of a bus short if split winding 
transformers were not used can best be 
answered by assuming all of the ultimate 
generators and transformers referred to in 
the paper connected to one bus without 
reactors, in which case the fault kilovolt- 
amperes would be in excess of 3,000,000. 
Interlocks to prevent closing the 2 breakers 
on the same circuit simultaneously, which 
would tie the two busses together, were 
omitted purposely to permit transferring a 
circuit between the busses without inter- 
ruption. 

The cable faults which burned them- 
selves clear when the neutral was grounded 
solidly occurred in the splices where the 
clearance from conductor to ground is 
greater than in the cable itself. Although 
the power flowing into the fault was severe 
enough to burn off the conductor and melt 
the lead sheath, the fault cleared itself 
and left the live conductor exposed. 
It is estimated that the magnitude of the 
current from the power house end was 10,000 
amperes, and from the other end 1,000 
amperes. The cable is 3 conductor, sector 
type, shielded (except the splices) ?°/g, inch 
paper, °/¢4 inch lead, operating with 22,000 
volts between conductors. Grounding of 
the system neutral through a 5 ohm resist- 
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/ ance has not resulted in any trouble with 
overvoltages when there are single line to 
ground faults, nor has any low frequency 
induction been experienced by the com- 
munication companies. 

E. G. Bailey calls attention to the ‘‘snow 
balling’? which takes place when powdered 
coal is stored. This snow balling reduces 
the effectiveness of fine pulverization. It is 
obvious that the fineness of the coal as 
fired and not its fineness as pulverized 
determines the thermal efficiency of com- 
bustion. This disadvantage of the bin 
system was not stated in the paper. Bailey 
points out that many improvements in 
the design of boiler house equipment have 
been effected since Huntley No. 2 was 
built, and mentions the controversy between 
the advocates of the bin and direct fired 
systems when pulverized coal was first 
adopted for Huntley Station No. 1. The 
trend at that time was so strong for the 
bin system that the manufacturer made 3 
attempts to influence the adoption of the 
bin system. 

H. C. Albrecht questions the possible 
disadvantage of concentrating so much 
steam generation at one point. The elec- 
tric machines can be as far apart electrically 
when located in the same station as if they 
were located physically miles apart. Out- 
going cables are routed through different 
duct lines and different streets to preserve 
their isolation. Ihe superior circulating 
water conditions and the relatively small 
amount of subtransmission will probably 
result in adding considerably more capacity 
to this site. The 25 cycle system will con- 
tinue to supply large industrial loads on 
the Niagara Frontier. Sixty cycles will be 
used for domestic, commercial, and some 
industrial applications. 

The generator autotransformers are lo- 
cated in line with the line transformers 
shown in figure 2 of the paper. 

Separately driven exciters were chosen 
because exciter trouble would not then 
affect the availability factor of the main 
unit and because the unit can be shut down 
more quickly in case of mechanical trouble 
in the turbine by continued application of 
full field. 

It is planned to provide an aisle in the 
electric bay for handling the field of future 
machines by means of specially designed 
dollies; one to operate on the armature 
laminations, and one on the floor. The 
field of the 200,000 kva tandem turbogenera- 
tor with its shaft, but without direct driven 
exciter, will be 82 feet long. 

In contrast to Albrecht’s statement that 
it is more economical to supply auxiliary 
motors of over 25 horse power at 2,200 volts, 
our studies indicate that motors of 300 
horsepower can be supplied more economi- 
cally at 550 volts than at 2,200 volts. Al- 
though circuit breakers are used between 
the generator leads and the house service 
transformers, these may be omitted if one 
is willing to risk a transformer fault shut- 
ting down the generator. 

D. F. Pennell’s statement, that if a tan- 
dem compound turbine with its better 
heat rate cannot be justified economically 
then neither can 4 stage feed water heating, 
is correct as a general conclusion. However, 
for Huntley Station, full credit could not 
be given to the tandem machine for the 
smaller boilers and boiler room that would 
be theoretically possible and the proper 
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debit allowed the transaction for the theo- 
retically larger turbine room required. 
Provisions to accommodate still larger tur- 
bines in the future had already established 
the width of the turbine room, and it is 
doubtful if the slightly smaller boiler room 
equipment would have been purchased even 
though the tandem machine had been 
selected. 

Contrary to R. A. Hentz’s opinion, we 
have found large indoor installations of the 
type of switchgear in question superior to the 
outdoor type in performance, maintenance, 
and capital cost. Our experience with 
both indoor and outdoor installations, to- 
gether with a thorough analysis of all of the 
types of practical switchgear available at 
the time that Huntley No. 2 was built, 
favored the indoor type. Mr. Hentz refers 
to the slight damage caused by the opening 
of a disconnecting switch under load in one of 
their outdoor installations as a demonstra- 
tion of the superiority of outdoor over in- 
door installations. Huntley No. 2 was 
placed in operation before the interlocks 
and “mark-up” were effective. A switch 
was opened tnder load, and the resulting 
fault was cleared so quickly by the instan- 
taneous operation of the bus differential 
relays that no damage resulted and service 
was resumed immediately on the bus. 

F. W. Gay suggests combining the gen- 
erator and line transformers into a single 
bank with incrementai capacity between the 
tertiary and the 22 kv busses, and the omis- 
sion of any 22 kv breakers. In our judg- 
ment, this scheme would require the same 
equivalent transformer capacity as used, and 
the 22 kv breakers could not be omitted 
conveniently; furthermore, tap changers are 
required between the 22 kv busses and the 
110 kv system to permit proper control of 
the voltages. All of this probably would 
result in such large and complicated trans- 
formers as to be impractical, as well as in 
the disadvantage of having too much of 
the station capacity in a single unit. 

S. M. Dean raises the question of dupli- 
cate busses and switchgear. Duplicate 
busses infers an operating bus and a spare 
bus. It is evident from Huntley No. 2 
layout that, although the busses are physical 
duplicates, they are not operated as dupli- 
cates except for maintenance purposes. Each 
of the 4 bus sections is a fundamental 
part of the operating diagram and is used 
continuously; however, the circuit breakers 
are in duplicate for the following reasons: 


1. Maintenance is made convenient and, therefore, 
adequate. 


2. All of the circuits may be kept in operation 
practically all of the time irrespective of the main- 
tenance requirements on the bus or switchgear. 


3. Any other scheme of connections would have 
required a larger number of bus sections and bus 
section breakers because of the necessity of dividing 
the feeders into a large number of small groups so 
that only a few of them would be out of service 
at one time. These additional breakers and the 
increased amount of bus work would have gone 
far to cancel any saving obtained by the omission 
of the duplicate breakers. A scheme using a larger 
number of busses also would have made it more 
difficult to obtain load division between the busses 
and transfer of load along the busses, especially 
with only one generator in operation, which is very 
often the case. 


4. In our experience no other scheme of connec- 
tions has approached the double bus scheme from 
the standpoint of operating convenience. 


In reply to C. A. Powel’s question regard- 
ing measures to control load divisions with 


the system frequency regulated from the 
Hell Gate Station, it may be stated that 
this is being done by biasing the frequency 
control at Hell Gate with tie line load con- 
trol in parallel with the Niagara-Hudson 
system, on which there are 3 hydro stations 
and one steam station operating with the 
Warren system of frequency control. 

H. L. Wallau states that, had a multi- 
drum type of boiler been selected, a con- 
siderably higher rate of load pickup would 
have been feasible. It is interesting to 
note in this connection that the majority 
of the peak load standby plants use straight 
tube boilers. It was probably a matter of 
judgment rather than figures that induced 
the Buffalo General Electric Company to 
put in a spare boiler. It has the advantage 
that, when all are used for full station load, 
the maintenance on furnaces, fans, etc., 
will be lower. 

The 1938 figures appear twice in table II. 
Their inclusion twice in Wallau’s summaries 
has led to an erroneous conclusion. Then, 
too, many of the available hours for the 
third boiler antedate the installation of 
No. 2 turbine. 

The author considers a bleeder steam 
cycle, whether using 2, 3, or 4 points of 
bleeding, as a simple cycle to operate, thus 
meeting design requirement No. 1 of the 
paper, in contrast to the reheat steam cycle 
which requires extreme operating care to 
protect the metal of the reheater at times 
of sudden load changes. 

The author believes that in comparing 
boiler plant investment costs Wallau has 
used figures not entirely comparable. The 
item of 12.1 per cent given in the original 
paper for coal handling equipment is, with 
small additions, sufficient to supply more 
than 1,000,000 kw of capacity either by rail 
or by water. In most stations only one of 
the 2 methods of delivery is provided for. 
Equipment for 175,000 tons storage is also 
included. The comparison should be made 
omitting coal handling equipment but in- 
cluding coal preparation equipment. 

In comparing the heat rate of Huntley 
No. 2 for 7 months’ operation with the 12 
months’ operation heat rate of the steam 
station referred to by Wallau, it should be 
noted that the Huntley figure was for the 
period of the year when the circulating 
water temperature was the highest. The 
Huntley turbines are loaded more at this 
season of the year because of reduced stream 
flows at the water power plants. The 
maximum output on the 3 50,000 kw ma- 
chines probably came during the season of 
coldest circulating water. In addition, 
these machines have more condenser sur- 
face per kilowatt of capacity than the Hunt- 
ley turbines as shown in the following table: 


Number and size of 
turbines 
Condenser surface, 
square feet 
Condenser surface 
per kilowatt, 
square feet 1.14 
Circulating water 
per condenser, 
gallons per minute 
Current per kilo- 
watt of capacity, 
gallons per minute 1.4 1.0 


3 50,000kw 2 80,000 kw 
57,000 45,000 
0.563 


70,000 80,000 


These large condensers are not economi- 
cally justifiable for Huntley No. 2. 
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Transient Voltages 
in Rotating Machines 


Discussion and author's closure of a paper by 
E. M. Hunter published in the June 1935 
issue, pages 599-603, and presented for oral 
discussion at the electrical machinery session 
of the summer convention, Ithaca, N. Y., 
June 27, 1935. 


L. V. Bewley (General Electric Co., Pitts- 
field, Mass.): The author uses an equation 
for the effective capacitance of the coils in 
a slot which is based on the assumption of a 
uniformly distributed series and shunt ca- 
pacitance circuit with zero capacitance from 
the last turn to the bottom of the slot. 
Actually, the circuit consists of a finite 
number of lumped-constant sections, and 
it is worth while to see how closely the 
approximate formula checks. 

For an # turn slot (see figure 1 of this 
discussion) the current and voltage of the 
kth turn (2 > 1) from the top are 


=(C + C) sith @— Be + 
: C’ sinh (n — k — 1)w 
eee 2 )o = (le C/K 
Cia) sith Gi 1) 


(1 — C’/K) sinh (n — k)w — 
sinh (n —k + 1)w 


ee rcinh (= 2) oie C/K + 
C’/K) sinh (n — 1)w 


where 


wr oe 1c 
coho tS + 4...)<1+3{ £) 


and if (C/K) < 1, then approximately 


wo=vV/C/K 


The effective capacitance is 


Ca— eG +2 = 

(C’/K) sinh (n — 2)o — 
C (C/K + C’'/K)sinh(n — 1) 
K sinh (n-2)o —(1 + 

C/K + C’/K) sinh (x — 1)o 


For example, if C’/K = 0.20, C/K = 0.10, 
and » = 6, then w» = 0.316 and 


OT, SIG 


0.20 si — i 
0.10 + Geist 1.26 — 0.3 sinh 1.58 
sinh 1.26 — 1.3 sinh 1.58 


= 0.367 K 


For this case the approximate formula 
would give 


K 
VCK = xy =Kv-vV010 =0316K 


which is sufficiently good agreement, 


The solution of the circuit shown in 
figure 7 of the paper is of some interest, in 
that an initial static state can be specified 
in terms of traveling waves and then these 
waves used for calculating the transient 
following the closing of the switch to the 
unexcited generator. 
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Referring to figure 2 of this discussion, 
there is shown a transmission line of surge 
impedance Z at an instantaneous voltage E 
and carrying an instantaneous current J. 
Let us consider the possibility of repre- 
senting this situation by 2 pairs of traveling 
waves moving in opposite directions: 


E = fi(x.— vt) + faolx + of) (1) 
u(x — vt)  fo(x + vt) 

2. i 

Therefore 

f= 5(E+ZD (3) 
1 

faa Zl) (4) 


and thus the instantaneous steady state 
condition is replaceable by traveling waves 
ji and fe. 

Now let switch S be closed on an im- 
pedance Z(p). The part of fi to the right 
of S moves away while the part to the left 
may now be regarded as an infinite rec- 
tangular wave meeting a transition point 
impedance consisting of Z and Z(p) in 
parallel. Likewise, that part of f2 to the 
right of S is an infinite rectangular wave 


striking Z and Z(p) in parallel. The 
resultant voltage at S therefore is 
D222) _ _ 22(p) 
ae ht) ory eZ 
2Z(p) £E 
SE a Gs 
ze) +z/22 © 


This equation shows that the situation is 
equivalent to a wave E/2 striking Z(p) 
from a surge impedance Z/2 (the lines to 


1 
aa OH 
NE Uf NY, \ wy Ve / 
x x v iS 
a ! ds A tt 
y K \ C4 
+=C/2 
v v v 


ine tae 


() @) (k) (n) 


Fig. 1 (above). 


Diagramrepresenting b 
slot with n turns 


the right and left of Z are in parallel). 
The load current J cancels out and is there- 
fore immaterial. 

Before the switch is closed, the endless 
waves f; and fy may be considered as reflec- 
tions of each other at the 2 ends of the line. 
In particular, if the line is not carrying a 
load, equations 3 and 4 show that the 2 
waves are equal in magnitude and in sign, 
and in effect we have the reflections from an 
open-end line. 

Let this concept be applied to the circuit 
shown in figure 3 of this discussion, where 
Z2 is the surge impedance of the generator, 
C the protective capacitor, and Z; the surge 
impedance of the connecting line (or bus) of 
length 7. It is assumed that the length of 
the generator windings in microseconds is 
long compared with that of the bus, so 
that we can neglect reflections from the 
generator neutrals, for the purpose of this 
analysis. 

At the transition points 1 and 2 the 
reflection and refraction operators are 


Hw = Bice = reflection operator for 
Be 2 waves approaching along Z2 


WY Seat = refraction operator for 
atp waves approaching along Z2 
aia a 
— me = reflection operator for 
ia a waves approaching along Z) 
we 
— B = refraction operator for 
a+ pj waves approaching along 2; 
where 
Din eis erp 41 — Z2 
[e4 = = 
11Z22C 1122.C 


Fig. 2. Representation of instantaneous steady 
state conditions by traveling waves 


} REFLECTION a a’ 
b TRANSMISSION b b 


No Ee else (ERITH E1 
Zo Cc xe ; Zy tk. Ze NO.2 


Fig. 3 (right). 
Analysis of traveling 
waves in generator 
circuit 


fe 


I. 


ELECTRICAL ENGINEERING 


' Before switch S is closed, generator 1 is 
excited to E volts and we have 


= ,£ E -a Efa+t+s 
Bee ioe Pg t Be -3(2 
a2— 8 2p 
ae =F 
ee ae) 


where the first term is the voltage due to 
wave E/2 approaching from the left, the 
second term is due to wave E/2 approaching 
from the right, and the third term is the 
voltage due to the discharge of capacitor C 
through Z; and Z, in parallel. These terms 
add up to E as they should. It is seen that 
the waves #/2 are charging the capacitor 
at the same rate at which it is discharging, 
so that its voltage remains constant. At 
the other end E/2 approaching from the left 
reflects from an open end and yields a total 
voltage EF. 

When switch S is closed the wave E/2 
moving to the right along Z; then encoun- 
ters the impedance of C and Z, in parallel 
and at that instant we recognize the pres- 
ence of 4 waves: 


E/2 moving to the left on Z2 of 1 

E/2 moving to the right on Z2 of 1 

Finite wave E/2 (1 — 17) moving to the 
right on Z; 

Finite wave E/2 (1 — 17) moving to the 
left on 2, 


The successive reflections are then com- 
pleted with the help of the lattice shown in 
figure 3 of this discussion, where each finite 
wave on Z, is considered as the superposi- 
tion of 2 infinite waves of opposite sign 
displaced by YT microseconds, and the 
capacitor discharge wave is given separate 
entity. The initial wave group leaving e 
is completely cancelled by the —£/2 part 
of the finite wave on Z; moving to the right, 


aes E 
E(u tata ‘) 2 - 


E fats _ 2p Je.) fa, 
2\a+p 


a+p 2 
The remainder of the lattice is clear. The 
voltage built up at ¢, due to these successive 
reflections then is 


B+op 
a+p 


Ved 


Z,=60 OHMS Za=120 OHMS 
BREAKER - 
eCROUNE 


Initial conditions: Traveling voltage and cur- 
rent waves approaching Zs; breaker closed 


2;=60 OHMS 
BREAKER 


Z2=120 OHMS 


GROUND 


Subsequent conditions: After traveling voltage 
and current waves impinge on Ze 


= 
ty=0 
Z,=60 OHMS Zp=120 OHMS 
BREAKER 


_ GROUND 


Initial conditions: Standing voltage wave on 
Zi; current zero; breaker open 


Z4=60 OHMS Z2=120 OHMS 
BREAKER 


GROUND 


Subsequent conditions: After breaker closed 
Li onto Ze 


Fig. 4. Comparison of the phenomena of traveling waves (ieft) and of standing waves (right) 


J. F. Calvert (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): During the past 
2 years I have made a study of the dielectric 
strength of the turn insulation of armature 
windings. The impulse ratio for new turn 
insulation appears to be about 1.2 to 1.5. 
Turn insulation will stand far more voltage 
stress than is imposed on it by the normal 
generated voltage—so much more in fact 
that it is not reasonable to use this as a 
measure of the strength or requirement of 
turn insulation on a 13,000 volt machine. 
The amount of turn insulation used has 
been determined by years of field experi- 
ence as the amount necessary to prevent 
failures. These failures, when they oc- 
curred, probably resulted from lightning 
surges or switching surges in nearby parts 
of the system. 

Fielder and I have made studies of the 
voltage distributions in the windings of 
rotating machines resulting from lightning 
surges and from switching surges. There 
is a fundamental difference in these phe- 
nomena which does not seem to be brought 
out very clearly in this paper. In a light- 
ning surge the voltage arrives as a traveling 
wave, while in a switching surge it is drawn 


2 = 2 ho+ [ab(a — 1) Jor + [abla — 1) lar +... + {a2" — YD ba -DIne +...} (6) 


The general term is 


3 [a2@" — 1) Wa — 1)] = 


a 
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out of a standing wave on the charged side 
of the breaker. The following simple case 
will illustrate this difference. Assume 2 
lines with surge impedances Z, and Z, 
connected by a breaker. If the breaker is 
already closed when a traveling wave 
reaches Z,, then the resulting voltage E2 is 


ge 222 E 

SP Za 
Thus, EZ, may be either greater or less than 
-. If the line Z; is charged to a voltage 
F;, and the breaker then closed onto Z2, we 
find that now 


(1) 


22 
S SS IE 2 
pT TR a St 
which is always less than E;. (For an 


illustration of these cases, see figure 4 of 
this discussion.) This shows immediately 
how important the external circuit constants 
are in switching surge phenomena. Sup- 
pose Z, represents a machine with a surge 
impedance of 500 ohms. If Z, represents 
an overhead line of 500 ohms surge im- 
pedance, then for the switching surge EF, is 
exactly half #,. But if Z, represents the 
surge impedance of 6 60 ohm cables, in 


500 
thet Ey = 
“a "500 cov enee 


0.982. Thisisa practical example from a re- 
cent investigation. In actual practice the 
voltage wave will be sloped off somewhat 
because the capacitance of the uncharged 
side of the breaker must be fed through the 
incoming line. Also, the impedance offered 
by the machine is not a constant, but varies 
appreciably with time. 

Of course, changes in concepts as new 
data are obtained are fully justified. 
Nevertheless, it is of interest to note that 
in the paper by Rudge, Wieseman, and 
Lewis, and their closing discussion (reference 
8 of Hunter’s paper) 600 to 1,050 ohms was 
expected to cover the range of surge im- 
pedances for rotating machines. Hunter 
now shows a value of 120 ohms. We have 
obtained values on one machine which varied 
with time from about 180 to 250 and on an- 
other which varied with time from about 600 
to 1,800 ohms. Of course, it has been well 
recognized for some time that the total 
surge impedance of a machine is decreased 


parallel, 
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by paralleling more parts of the windings, 
much as is any other simple impedance 
because the electrostatic coupling between 
windings is small and the electromagnetic 
coupling is not large. For details see the 
appendix of reference 6 of Hunter’s paper. 
I might state, however, that the impedance 
as a function of time was determined at the 
terminals of the generator by means of 
cathode ray oscillograph measurements. 
A noninductive resistance was used in the 
circuit. From readings to ground and 
across the resistance, the impedance was 
calculated. The steepness of the applied 
wave was relatively unimportant. I wish 
to reiterate the claim made a year or 2 ago, 
that there are not enough data on machine 
surge impedances available at this time to 
permit one to make generalizations concern- 
ing their range of values, because the surge 
impedance of any one winding is still un- 
predictable. 

When the rate of rise of voltage at the 
machine terminals is known, Hunter’s paper 
suggests that the resulting voltage between 
turns be calculated by considering the sim- 
ple capacitance coupling between turns and 
between turns and ground. However, the 
manner proposed for doing this assumes at 
the start no net charge on the turns other 
than the lead turn. As the lead turn goes 
into the coil only one way while the other 
turns of the coil go 2 ways from the point 
where the current enters the coil, there 
must be current as well as voltage induced 
in the inner turns of the lead coil. I have 
fully treated this in an earlier paper (refer- 
ence 6 of Hunter’s paper) where the results 
aré given in convenient curve form. The 
gain in accuracy may be small, but it takes 
care of features neglected by Hunter, and 
being in curve form is at least as easy to use. 

I am unable to agree with solutions 1, 3, 
and 4 of Hunter’s figure 7, and submit here 
my solutions for the same circuits. 

Assume the breaker to be closed when a 
voltage E; existson Z,. This is the equiva- 
lent of suddenly applying a voltage A; = 
Ea1 across the breaker in the direction Z, 


toward Z:. This can be broken into 2 
components £’and E”. (See figure 5 of this 
discussion.) 
E!' = iZ, (3) 
r= (4) 
1 + Z2cp 
E’ + E” = Eg (5) 


where p = the differential operator . and 


1 = the Heaviside unit function symbol. 
From this, 


ie Zic Zi — Ze ( ) 
LZ\Z2¢ P 
Zi — Z: é 
ae ES at a7 (7) 
21+ Z2 
Letting Z: = 60, Z. = 120, and ¢c = 0.37 
CAGE, 


a 


z, = 0.667 E — ¢(— 0.0675 X 108 »| (8) 


which is nearly a straight line up to ¢t = 
1.0 X 10-6 seconds. 
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Fig. 5. Resolution of voltage into 2 components 


d(E"/Ea)| 
dt t=0 


= 0.045 X 108 (10) 


Let Eyi be the reflected wave back along Z}. 


En = —Eq + Eq[(0.667){1 — 

e— (0.0675 a oat (11) 
For one microsecond 
En = —E, (12) 


At the end of 0.1 X 107® seconds, E,) 
reaches the left end of Z,. 


Let E,’ be the resulting voltage on Z,’ 
and Er. be the reflected voltage to the right 
on Zi. 


a. a , =F es 
Ey | Ea! _ (Ea ~ En) =A 
dt Ze Zi 
from which 
= 5g SA iae ay 
ee ZL 15) 
Zi + Zs | : 
At the end of one microsecond 
E,’ = —0.087E, (16) 
so again approximating, we write 
En = +Ea (17) 


When this reaches the right end of Z: a 
new component on Z, arises, which is 


(Z1 + Zs) 
= Bs aie oes eae (18) 
11+ Z2 
for which 
E ! 
(? ) 
we = 0.090 x 108 (19) 
# =0 


where ¢ is measured from the instant of this 
second impact at the right hand end of Z,. 
Assuming all such reflections to produce 
straight line rises at the right hand end of 
Z,, then at the end of one microsecond the 
total voltage here is 


0.045 X 10® X 1.0 X 1078 


Ez = +0.0900 X 108(0.8 + 0.6 + Eq (20) 
+ 0.4 + 0.2)10-§ 
= 0.2250E, (21) 


This is about half Hunter’s value for curve 
1 at ¢ = one microsecond. Actually E, < 
0.2250 Ea. It appears that curves 1 and 
3 of Hunter’s figure 7 should be inter- 
changed. Curve 2 agrees with the above 
calculations. One may proceed in a similar 
manner for curve 4 by replacing Z; by L 
= 0.0172 X 1074, and keeping all other 
symbols the same. , 
Then 


_ (Zz + Lp + LZxcp*) 


E’ 
1 + Zecp 


(22) 


1Z2 


r= (23) 
1+ Zicp 
E’+E’ = Eq 1 (24) 
Then, 
jap 1 
E” = — ——_—_-1 25 
LC (p + a)? + @? ie 
where 
1 Pe 1 
=} ae i = 22. eee 
220 BG 4Z,2C2 
From which 
” Ea 1 —at 
E - 2/4 |[1-. (cos wt + 
= sin | (26) 
w@ 
or 


a me 1 — e-@ (cos wt + 


= sin “| (27) 


Let Zo = 120, L = 0.0172 X 105%; and G= 
Ose x 1058; 
Phen for y=; Oia 


” 


E 
— = 0.081 


E, (28) 


which is about half the value shown on 
curve 4 of the paper. If one substitutes 
R = 0.0074 for Z, and proceeds in a similar 
manner, the result is 


SCZ Re 
1—e RZ came (29) 


For the constants given, it is found that 


BE Sree Gale 
Bert 275 ee 


2C_ _ 0.00137 x 10-8 (30) 
R220 — 16% 7 

2Z, + R 

so that for all practical purposes 

E" = oo Aris, = 0.5 (31) 
Fie 22s ERS wae 


for time from a very small fraction of a 
microsecond after the breaker is closed. 
This last result checks curve 5 of figure 7 
of the paper. 

Figure 6 of this discussion shows test data 
for a circuit which responds in exactly the 
manner expressed by equation 7 of this 
discussion. The noninductive resistance R 
can be substituted directly for the Zp. 
This figure shows clearly that the difference 
between FE, and Eg is correctly expressed 
by equation 7, and also that the rate of rise 
of voltage is even more closely calculated. 
In these tests the applied voltage Eg was 
that of the crest of the 60 cycle wave so that 
this ratio of E, to Ea could be experimen- 
tally determined. In Hunter’s tests, the 
value of Eg was a matter of chance as no 
attempt was made to synchronize the 
breaker operation with the applied voltage. 
Further, no data are presented in the paper 
which show a rate of rise of voltage to crest 
of 1 to 3 microseconds. Such data are 
of most importance to the study of machine 
insulation during switching surges. 
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MICROSECONDS = t 


Ea. 3,110 volts 

Z, 600 ohms 

R 516 ohms 

C 0.0004 X 10-§ farads 


E = E, 


Zi +R 
E = 1440 [1 — e-%] 


E. M. Hunter: J. F. Calvert states that 
there is a fundamental difference between a 
switching transient and a lightning tran- 
sient and to illustrate this difference gives 
equations to show the change in voltage 
which occurs when the 2 types of transients 
pass from a surge impedance Z,; to a surge 
impedance Z». In the case of the lightning 
transient, if the junction between the 2 
surge impedances were open, the open circuit 
voltage at the junction would be twice the 
incoming traveling wave voltage. An in- 
spection of his equation | shows that it is 
this open circuit voltage 2; that is being 
reduced when the transient passes from Z; 
to Z». Likewise, an inspection of his equa- 
tion 2 for the switching transient shows that 
it is the open circuit voltage /; that is being 
reduced. Since, in each case, it is the open 
circuit voltage that is being operated upon, 
mathematically at least, the phenomena is 
one and the same. 

Calvert has pointed out that several 
factors were neglected in the method sug- 
gested in the paper for determining the 
transient turn voltages. This was done 
intentionally to simplify the solution. The 
approximations made can be justified since 
the results obtained are of sufficient accuracy 
for this type of calculation. With regard 
to the machine surge impedances given in 
reference 3 of the paper, the values given 
represented the best information available 
at the time that paper was presented. 
Additional information on surge impedance 
has been obtained since then. 

With reference to figure 7 of the paper, 
curves labeled 1 and 3 should be labeled 3 
and 1. Also, the magnitude of curve 4 
should be reduced by half. 

In connection with all of the discussion 
centering around the rate of rise of voltage 
at the machine terminals at the time the 
machine is energized, the importance lies 
not so much in the rates to be expected, 
but in the voltage stresses which occur in 
the machine winding. The field tests dis- 
cussed in the paper show that there is an 
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Fig. 6. Comparison of test and calculated data 
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Ea 3,110 volts 

Z; 600 ohms 

R 516 ohms 

C 0.0024 X 10-§ farads 


R Se (Zee) : 
[1 =e ZiRC | 


E = 1440 (1 — e7}.st} 


initial high concentration of voltage across 
the line terminal coils in the machine. The 
fact that these voltages were measured is 
sufficient evidence that the rate of rise of 
the voltage is very fast. 


Insulation for High 
Voltage Alternators 


Discussion and authors’ closure of a paper by 
C. M. Laffoon and J. F. Calvert published 
in the June 1935 issue, pages 624-31, and 
presented for oral discussion at the elec- 
trical machinery session of the summer con- 
vention, Ithaca, N. ¥., June 27, 1935. 


J. C. Rah (Delta-Star Electric Co., Chicago, 
Ill.): This paper is very interesting not only 
from the standpoint of the approach to the 
design but from the viewpoint of the mica 
insulating tape used. Usually mica-bound 
tapes or tubes are a source of trouble to the 
designer, mostly because of the binding ma- 
terials used to hold the split mica pieces 
together. Small air pockets in the tape are 
usually the most offending factor in those 
designs where the corona voltage is to be 
kept as high as possible. This is particu- 
larly important where the conductors are 
closely spaced and their insulated ends must 
be protected from flashover. 

Since the question of air pockets in the 
laminated or composite insulating materials 
is of great importance in the design of insu- 
lated conductors in metal clad switchgear 
and underground boxes, molded or molded- 
laminated materials are used. Molded ma- 
terials adapt themselves to high tension de- 
sign, producing a homogeneous insulating 
body. With molded insulation, however, 
corona formation should be kept to quite 
high potentials. It is interesting, there- 
fore, to know that good mica tape free from 
air pockets is available. Designs similar 


. conductors were spaced closely. 


to the one described in this paper have been 
used in connection with metal clad switch- 
gear, underground boxes, and cable and de- 
vices where conducting and semiconducting 
materials were used with very good results. 

The potential distribution idea has not 
been used by designers as extensive’y as 
this method deserves. This is probably due 
to the fact that it has not been encouraged. 
We may still find textbooks that minimize 
the importance of the potential distribution 
as a logical aid to reduce corona and in- 
crease flashover potentials. Many design- 
ers overlook the effect of corona and 
streamer formation as long as the audible 
stage is not reached. This is one reason 
why I consider this paper of value as it 
brings out the points of increasing of corona 
potentials and the effect upon increasing 
the safety factor of equipment. The au- 
thors of this paper have demonstrated the 
usefulness of resorting to potential distribu- 
tion in design in a practical way. This is 
particularly interesting as potential distri- 
bution and dielectric constant are consid- 
ered by some as more or less of a theoretical 
value, and the increase of corona potentials 
as stretching the point a little too far. 

I have used the potential distribution 
idea with very good results where insulated 
In metal 
clad switchgear and similar equipment, 
corona and its effects upon insulating mate- 
rials, and metals as well, is of importance. 
The psychological effect is also great since 
it gives a feeling of unsafe equipment when 
one sees the inside of it illuminated by co- 
rona or streamers. 

There is a point that the authors do not 
stress sufficiently and that is the experi- 
mental corroboration of the calculated 
values of the potential distribution with 
varying conditions of design. It is true 
that it has been my experience that the ex- 
perimental results have usually been more 
favorable than the calculated values. If 
the authors had found an agreement be- 
tween calculated and experimental values, 
it would be more convincing than the gen- 
eral results attained and described in this. 
paper in eliminating corona at higher po- 
tentials. 

The graded insulation idea has also been 
used successfully in equipment with close 
conductor spacing. Unfortunately, how- 
ever, it has not found broader application 
to structure similar to that shown in figure 
7 of the paper. In this type of support the 
important problem usually is the air space 
A. Filling this air space with materials 
having higher dielectric constants is not al- 
ways successful unless the graded insulation 
principle is applied. Whenever possible 
it is more convenient to control corona by 
air distance A, and this distance depends 
upon the insulation of the conductors and is 
independent of the type of insulating ma- 
terial of the support. The results given in 
the curves of this figure fit very well with 
the results of my experiments with the ex- 
ception that the rods in my design were not 
insulated. The effect upon the corona 
voltage in this type of structure is nearly 
the same whether insulated or bare rods are 
used. Figure 11 of the paper shows a 2- 
dimensional flux map. Such a map is of 
value to the designer only if the insulating 
materials have varied dielectric constants 
such as used with graded insulation prin- 
ciple or as an additional check on the de- 
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sign in general. Under “Design of End 
Windings,’”’ mention is made of ‘‘data ob- 
tained by visual observation in a specially 
made dark room.” It is required usually 
to stay in the dark room 10 or 15 minutes 
before one can actually observe corona at 
such low voltages as treated in this paper. 
I have found that such observations can 
not always be reliable, as to depend on the 
eyes does not contribute to agreement on 
the observations. A much better method is 
to use a camera and a fixed exposure time. 
This means uniform results which can be 
compared and good records for future use. 


H. H. Race (General Electric Co., Schenec- 
tady, N. Y.): The life of insulating ma- 
terials in general depends upon their physi- 
cal and chemical stability, i. e., changes in 
electrical quality, generally called aging, 
occur only as a result of physical or chemical 
changes. For machines which are to be in 
service for decades this question of stability 
is very important and I should like to sug- 
gest that for materials that are to be used 
either within or on the surface of armature 
insulation for purposes of grading electrical 
stresses, one important criterion is that they 
must not materially change their resistivity 
by vaporizing or drying up during years of 
service. Otherwise the protection afforded 
when the machine is new is lost as it grows 
older. 


R. W. Wieseman (General Electric Co., 
Schenectady, N. Y.): This paper empha- 
sizes the part played by recent develop- 
ments of improved insulating materials and 
new methods of stator winding construc- 
tion in opening the path for higher voltage 
machines. As a matter of fact, many of 
these features are not really new because 
they have been described in the technical 
press and used both here and abroad. For 
example, mica tape which is bonded with a 
low-loss bitumen varnish and continuously 
applied around the entire periphery of a coil, 
then bonded and filled, not with shellac, 
but with an improved bitumen compound, 
and finally treated and compressed in a 
vacuum-pressure tank has been used ex- 
tensively by one manufacturer for many 
years. This method of insulating an arma- 
ture coil with mica tape is now apparently 
superseding older methods of ironing mica 
sheet to a coil on the slot portion and then 
clamping it in a cold mould. The advan- 
tages of mica tape insulation applied as 
just outlined are briefly: 


1. No joints occur at each of the corners of the 
coil. 


2. The insulation on the ends of the coil is just as 
good as the insulation on the slot portion. 


3. With low-loss bonding materials and a vacuum- 
pressure treatment, the insulation has a lower 
power factor, a lower dielectric loss, and a higher 
dielectric strength; in other words, a greater elec- 
trical endurance. 


It may be of interest to review the status 
of 22,000 volt machines built in this country. 
Up to the present time 11 22,000 volt 
machines and 1 24,000 volt machine rep- 
resenting nearly 1,000,000 kva have been 
built. Incidentally, 92 per cent of these 
machines or 93 per cent of the kilovoltam- 
pere capacity were built by one manufac- 
turer with improved mica tape insulation 
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as described above. These machines have 
given reliable service and the same type of 
insulation would be used on 33,000 volt ma- 
chines if they are required. 

Gradient sheaths on the coil ends where 
the coil leaves the slot have been available 
for at least 10 years. A 36,000 volt ma- 
chine operating in Belgium has this feature. 
Metallic ground sheaths of various types to 
reduce corona in the slots were used over 30 
years ago. These ground sheaths have 
been superseded by improved higher resist- 
ance sheaths in the form of metallic paints, 
and ferrous asbestos armor tapes. 

Internal sheaths which are described at 
length in the paper have also been used in 
this country and abroad. In fact, the 
highest voltage machine in this country, a 
24,000 volt machine built in 1929, is equipped 
with internal sheaths. When 55,000 volts 
were applied to this machine between one 
phase and ground with the other 2 phases 
grounded, no discharge or corona occurred 
at the coils where they leave the slots. The 
only place where corona occurred was be- 
tween coil sides where the phase belts termi- 
nated. 

Grading high voltage armature insulation 
has enjoyed considerable popularity in re- 
cent years and 33,000 volt machines built in 
England in 1928 and in 1933 are examples of 
2 different types of graded insulation. From 
a theoretical standpoint graded insulation 
should be beneficial when consideration is 
given only to machine voltages. Surge 
voltages, however, are known to travel 
through 3/, of a grounded neutral winding 
at practically full magnitude and if the neu- 
tral is not grounded, the neutral coils may 
be subjected to nearly double the voltage of 
the entering wave. Protective devices 
which reduce these surge voltages can be 
connected to the winding at the termination 
of each grade of insulation. This requires 
that extra taps be brought out from the 
winding and this may not be practical on a 
high speed machine where the space avail- 
able around the end winding is limited. 

In 1905 6 30,000 volt generators were 
operating in Italy and, as far as we know, 
these machines are in service today. In 
1928 a 33,000 volt machine was installed in 
England and in 1931 a 36,000 volt machine 
was installed in Belgium. During this pe- 
riod generator capacities increased more 
than 10 times whereas generator voltages 
increased only 20 per cent. It is of interest 
to note that these high voltage generators 
(none of which exceed 35,000 kva) were 
pioneered in Europe where relatively large 
blocks of power are not distributed over 
long transmission lines. 

In this country, except in metropolitan 
districts, any generator voltage which is 
now practical, is entirely too low to trans- 
mit large blocks of power. With large gen- 
erators, therefore, it is still necessary to use 
step-up transformers in distributing large 
amounts of power. The voltage of smaller 
machines which have a more limited area of 
distribution might be suited to economical 
transmission. In these cases, however, the 
generator is more difficult to build for a high 
voltage than a large machine. The inher- 
ent difficulty with the small high voltage 
machine is obtaining the necessary turns to 
generate the voltage and then finding suffi- 
cient space to insulate the winding properly. 

A 200,000 kva high speed generator has 
an economical voltage as low as 14,000 


volts and a low speed generator of this ca- 
pacity could be wound for a fraction of this 
voltage. Thus, as far as the generator it- 
self is concerned, high voltages are not es- 
sential. Switching and bus bar difficulties, 
however, have increased the voltages of 
large generators above their economic 
values to 22,000 volts. The multiple wind- 
ing generator has retarded somewhat the 
trend of increasing generator voltages and 
on this basis generator voltages may not ex- 
ceed 22,000 volts until the multiple winding 
no longer limits the current per conductor 
to an economic value. A high voltage ma- 
chine with its lower efficiency and increased 
cost will have little economic justification 
unless the step-up transformers are elimi- 
nated. In fact, H. M. Cushing’s paper, 
“Design and Operation of Huntley Station 
No. 2”) (ELECTRICAL ENGINEERING, v. 54, 
June 1935, p. 632-45) specifically states 
that a 12,000 volt generator with an auto- 
transformer is preferable to a 22,000 gen- 
erator. With the present day voltage 
limit of mica insulated armatures set at 
about 36,000 volts and the transmission of 
large blocks of power confined to 132 and 
220 kv, it follows that rotating a-c ma- 
chines above 22,000 volts will have a rather 
limited field of application. 


L. E. Frost (Brooklyn Edison Co., Inc., 
Brooklyn, N. Y.): In the discussion of this 
paper, some doubt has been expressed as 
to whether there will be any market for 
high tension generators in the United States. 
It may, therefore, not be amiss to recall 
that a substantial field for possible applica- 
tion of high voltage generators has been 
wide open for many years and that much of 
the seeming lack of interest in this direction 
has been due primarily to various limitations 
in generator design. 

An increasing number of large power sys- 
tems have been using voltages of 22,000 to 
33,000 for primary distribution or sub- 
transmission in localities of heavy load and 
high density. Generating stations located 
in these areas have frequently employed the 
feeder voltages for bus and switching equip- 
ment. Such stations have been equipped 
with large generators, sometimes the largest 
obtainable. Developments of this type 
would be the perfect setting for high voltage 
generators; but it has been expedient, so 
far, to use machines of lower voltages with 
step-up transformers in the leads to the 
busses. 

The difficulties of obtaining reliable in- 
sulation have not been the only barrier 
against the use of high voltage generators. 
Construction costs and operating losses 
seem to be inherently higher than for low- 
voltage machines with such insulating ma- 
terials as are available at present. The 
avoidance of autotransformers, of course, 
leaves some margin for increase in both of 
these factors. Indeed, it may be accept- 
able to have a poorer operating efficiency in 
a high voltage generator than in a combina- 
tion of low voltage generator and auto- 
transformers, if this deficiency can be offset 
by an advantage in the first cost of com- 
plete installation, taking account of the 
autotransformers and their connections, 
foundations, housing (if any), and space 
requirements. 

For very large generating units, the auto- 
transformer presents an attractive feature 
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in the facility with which its output wind- 
ings may be divided into 2 or more circuits 
with desirable characteristics as to react- 
ance and capacity. The split winding 
avoids the necessity of using circuit break- 
~ ers of extraordinary current carrying ca- 
pacity, and effectively limits the possible 
short-circuit currents. The same purpose 
has been accomplished with a double-wind- 
ing generator without autotransformers, 
but I suppose autotransformer design would 
be more adaptable than high voltage genera- 
tor design when there are exacting require- 
ments as to reactance between circuits or 
amount of unbalance in load to be accom- 
modated, or when more than 2 or 8 circuits 
are desired. The autotransformer also 
affords an opportunity to add a low voltage 
tertiary winding as an economical source of 
auxiliary power supply. 

The Brooklyn Edison Company’s most 
recent experience in this matter was in the 
provision of 2 200,000 kva generators to 
complete the Hudson Avenue station, which 
has 27,600 volt busses. Before this pur- 
chase in 1930, the bidding manufacturers 
were invited to suggest the most favorable 
generator voltage, and were informed as to 
the basis of evaluating operating efficiency. 
No 27,600 volt machines were offered. The 
successful bidder recommended and fur- 
nished 16,500 volt generators and step-up 
autotransformers. This combination was 
said to result in both the lowest construc- 
tion cost and the best operating efficiency, 
in comparison with other designs by the 
same manufacturer... In this case the auto- 
transformers have divided windings for 2 
27,600 volt circuits per bank, and tertiary 
windings for 2,300 volt auxiliary supply. 
Alternate bids were received for 13,800 volt 
generators with autotransformers, which 
was the voltage combination already in use 
throughout the older part of the station. 

The Hudson Avenue station alone has a 
total main generator rating of 951,000 kva 
(770,000 kw), all built since 1922, and all of 
which might have been in 27,600 volt gen- 
erators if these had been available, reliable, 
and economical. Bus voltages of 22,000 to 
33,000 have been found advantageous in a 
sufficient number of metropolitan centers 
to indicate a potential market for high ten- 
sion generators which is by no means negli- 
gible in scope. 


P. L. Alger (General Electric Co., Schenec- 
tady, N. Y.): The authors have presented 
a very stimulating review of the various 
means that are available to designers for 
controlling voltage gradients and corona in 
high voltage generators. An _ especially 
interesting phase of the subject is the use of 
internal conducting sheaths embedded in 
the armature coil insulation in a similar 
manner to that frequently employed for 
high voltage bushings. As the authors 
point out, such internal sheaths, extending 
beyond the slot portion of the coil, serve to 
materially reduce and to taper off the sur- 
face voltage of the coil, and thus to mini- 
mize the corona discharges from the coil 
surface to the armature flanges and the 
adjacent coils. 

Several years ago, Prof. A. A. Bennett 
made a theoretical investigation of this sub- 
ject, to determine the optimum location of 
such intersheaths and the actual coil surface 
gradients they will produce. Figure 1 of 
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this discussion gives a typical illustration of 
the results obtained. In the figure, the or- 
dinates represent the potential from the sur- 
face of an armature coil to ground, expressed 
as a fraction of the potential of the conduc- 
tor. The abscissa represents the distance 
along the surface of the coil end measured 
from the end of the slot. The dashed line 
shows the surface potential resulting when 
no intersheath and no surface conducting 
material are used. In this case, the poten- 
tial rises to 60 per cent of the full value at a 
distance of only one inch from the end of the 
slot. 

The 3 full lines show the surface gradient 
when the intersheath, embedded at !/,5 the 
depth of the insulation, is extended for dis- 
tances of 2.7, 3.7, and 4.7 inches, respec- 
tively, beyond the end of the slot, no sur- 
face conducting material being used in any 
case. 

The interesting feature of these curves is 
the steepness with which the potential rises 
beyond the end of the intersheath, which 
indicates the correspondingly steep gradient 
existing in the body of the insulation at the 
end of the sheath. 

The theory used in developing these 
curves involves some approximations, re- 
quired because of the complexity of the 
problem, but the results obtained check 
reasonably well with test results. The 
short broken sections of the curves shown 
in the figure occur at the point where a 
change in the method of calculation is em- 
ployed, because of the approximations in- 
volved becoming excessive. 

Naturally, by judicious employment of 
semi-conducting paints or other materials, 
both on the surface and at the end of the 
intersheath, as mentioned by the authors, 
these high gradients can be controlled. At 
best, however, the design problem in secur- 
ing desirably low voltage gradients through- 
out the coil end structure is one requiring 
much skill and attention to detail, so that 
considerable experience will probably be 
required before these methods are fully ac- 
cepted in practice. 


M. D. Ross (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): This paper is a 
very valuable contribution to the literature 
on high voltage electrical machinery out- 
lining as it does an approach to the prob- 
lem of designing inachines for 33 kv or 
higher, adhering in most respects to ac- 


3 
INCHES 
Computed potentials on outer surface of insulation, showing effect of intersheath 

Intersheath at 1/5 depth; thickness of insulation 0.314 inch 


4 Lo E! 


cepted American practice. The authors 
have outlined a number of reasons why the 
work described in this paper was undertaken 
in spite of the present lack of demand in this 
country for machines above 24 kv. A fur- 
ther reason lies in the fact that American 
manufacturers are called upon to quote on 
such machines in competition with Euro- 
pean designs, some of which have been in op- 
eration for some time and the construction 
of which differs radically from American 
practice. In order to be able to quote ma- 
chines comparable in size and cost with 
European machines, it was necessary that 
this work be undertaken, developing the 
graded insulation design described in this 
paper. European purchasers are figuring 
on turbine generators as low as 12,500 kva 
rating at 83 kv. A machine of this size 
with uniform insulation on all coils would 
be much larger than one with graded insu- 
lation as the amount of slot space taken up 
by the insulation is a larger percentage of 
the total than in larger machines. 

A factor influencing the use of 83 kv ma- 
chines in this country is the tendency to dis- 
tribute at a maximum of from 22 to 27 kv 
on closely knit systems and to go to 66 kv 
where the distribution is more widespread, 
leaving 33 kv in-between with relatively 
few applications. In Europe there are 
quite a number of systems distributing 
power at from 33 to 36 kv. Whether ma- 
chines generating at 33 kv or higher and 
directly connected to the distribution sys- 
tem will be adopted in this country is a 
matter of economics. If such systems 
should prove to be more economical than 
the present methods of generation and dis- 
tribution, they no doubt will be adopted in 
time. 


F. W. Gay (Public Service Electric and Gas 
Co., Newark, N. J.): The authors state 
that generators wound for voltages ap- 
preciably higher than the present standards 
are larger, longer, and more costly than units 
wound for the most economical voltage. 
When a large station is designed to supply 
all or even a considerable part of its output 
to a high voltage network, it is becoming 
common practice to locate the step-up 
transformer bank adjacent to the generator 
and connect the generator windings to 
separately insulated transformer windings 
by relatively short leads. In all such cases 
the generator and its connected transformer 
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bank should be designed as a unit, and the 
generator may then be wound for the most 
economical voltage. 

For instance, it is no longer necessary to 
connect a third of the coils under a pole in 
series in order to co-ordinate a plurality of 
coil voltages each having a separate phase 
angle into a geometric single-phase result- 
ant. The coils may be series connected in 
groups of 2 or 3 and each of these groups 
may be star connected with 2 other similar 
groups to form a 8 phase circuit. It fol- 
lows that 2, 3, or any convenient number of 
separately-insulated 3-phase circuits may be 
used and the transformer may be designed 
to co-ordinate these many circuits into a 
single 3 phase secondary circuit. 

In an extreme case, 3 suitably chosen in- 
dividual coils may be star connected to form 
a separately-insulated 3-phase circuit. The 
number of turns per coil in a generator so 
connected may be varied over wide limits 
and the coil voltage may obviously be made 
very high, end turn insulation being progres- 
sively increased. A generator so designed 
would have one-third as many separately- 
insulated 3-phase circuits as there were 
coils per pole. 

While the manufacturers have done some 
investigation along these lines, I do not be- 
lieve the possibilities have been adequately 
explored by operating men. The most 
economical and reliable combination will 
probably often be found in a generator of 
moderate voltage solidly connected to an 
adjacent transformer bank by relatively 
short leads. 


J. S. Jamison (nonmember; Virginia Mili- 
tary Institute, Lexington): The authors 
have presented, among other things, an 
end shield which prevents high voltage 
gradients at the end of the grounding sur- 
face used on the straight part of the coil. 
In the appendix to their paper they have 
outlined a method of calculating the volt- 
age distribution along this shield. Their 
method applies only to the case where the 
ratio of the resistance to the capacitance 
in each section of the shield is the same. 

Another method of calculating this volt- 
age distribution is to treat the shield as 3 
interconnected transmission lines. Using 
the same assumptions as the authors, 
namely, negligible voltage drop along the 
inner sheaths, negligible inductance at nor- 
mal frequency, and negligible leakage cur- 
rent through the insulation, the shield in 
figure 10 of the paper reduces to a transmis- 
sion line in each of the 3 sections. An en- 
larged drawing of the shield is shown by 
figure 2 of this discussion for convenience 
in locating the lines. 

In the inner section, the line consists of 
the sheath a and the external resistance R}. 
The supply voltage in this line is a third of 
the applied voltage (V/3), the receiver 
voltage is E/1,, and the load is the charging 
current J, of the 2 outer sections. 

The line in the middle section consists of 
that part of sheath 0 in this section and the 
external resistance Ry. The supply voltage 
is the sum of a third of the applied voltage 
and the receiver voltage of the inner section 
(Eiq), the receiver voltage is Ey, and the 
load is the charging current J; of the outer 
section. 

The outer line ismade up of that part of the 
conductor in this section and the external 
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Fig. 2. Representation of intersheaths as 
interconnected transmission lines 


resistance R3. The supply voltage is the 
sum of a third the applied voltage and the 
receiver voltage of the middle section (H»,), 
the receiver voltage is H3,, and the line is 
open. 

Well known equations for transmission 
lines can be applied to these 3 lines, giving 
the simultaneous equations: 


V/3 = Afi, + Bih 

Ip = Ah, + Cia 

V/3 + Eig = ArH + Bole 
I, = Asal, + CrE2» 

V/3 + FE. = A3Es, + 0 
Ty = 0 a CEse 


in which A, B, and C are complex hyper- 
bolic functions of the line constants for the 
different sections. A simultaneous solu- 
tion of these equations will give the values 
of the voltages and currents at the extremi- 
ties of each section of the shield. 

With the supply voltage and current for 
each of the 3 lines known, the voltage be- 
tween the external resistance and sheath or 
conductor can be found at any point along 
the shield by substitution in the equation. 


E, = E,cosh(ux) — I, VZ/Y sinh (ux) 


in which £, is the voltage at a distance x 
from the supply end of the line, Z, and J, 
are the supply voltage and current, wu is the 


complex line angle, and VZ /Y is the surge 
impedance of the line. Using the same 
ratios of resistance to capacitance as used 
by the authors, the voltage distribution for 
their shield was calculated and the results 
obtained were substantially the same as 
theirs. 

This method of calculating the voltage 
distribution has the advantage that it can 
be used for any ratio of resistance to capaci- 
tance in the different sections; however, it 
is limited to the case in which the resistance 
and capacitance per unit length remains 
constant in any one section. 


C. M. Laffoon and J. F. Calvert: In reply 
to J. C. Rah’s discussion, we feel that the 
dielectric loss factor of mica tape insulation 
will not be as low as that of molded ma- 
terials. Furthermore, it must be kept in 
mind that where a low dielectric loss is re- 
quired in mica tape, it must undergo a 
vacuum-gum impregnation process after 
being wound on the conductor in order (a) 
to get the solvents out and (b) to press the 
tape down by a sort of hydraulic pressing 
action. 

We are in complete agreement with Rah 
concerning the importance of voltage gra- 
dients in rationally determining so-called 
“creepage distances’ and “flashing dis- 
tances” in design. We published in this 
paper the necessary data on the latter for 
rotating machine design. There are very 
few, if any, reliable data on the voltage gra- 
dient necessary for creepage over different 
types of insulating surfaces with different 
spacing of electrodes. 


In designing the shield with only 4 exter- 
nal resistances (figure 8), we allowed a maxi- 
mum voltage gradient of 20,000 volts (effec- 
tive) per inch and a maximum J?R loss of 
1.0 watt per square inch with a test voltage 
on the insulation of 80 kv for one minute. 
Temperature was recognized as the limit 
in the design. No flashing occurred up to 
100 kv, but above 80 kv excessive heating 
existed on a one minute test. The shield 
which carried up to 155 kv in air without 
corona was designed for from 150 to 180 kv. 
For the latter design, the surface heating on 
test was not calculated to be so great as in 
the former, and no heating trouble was ex- 
perienced on test. It may be said, then, that 
these shields were rationally designed and 
test data substantiated the calculations 
quite satisfactorily. 

We believe that sufficiently accurate data 
can be obtained by 2 dimensional field maps 
such as shown in figure 11 of the paper. 
Were it necessary to consider 3 dimensions 
and 2 dielectric constants to obtain sufficient 
accuracy, then modification of the methods 
presented by M. G. Leonard in the articles 
“Field Plotting in Non-Uniform Media’”’ 
(Elec. Jl., Dec. 1934, p. 471, and Jan. 1935, 
p. 31) will supply the data. 

We recognize that it would have been 
more desirable to use photographic plates 
in securing the data on corona. Rah states 
that our data check closely with his. Since 
our data also were checked by a number of 
observers at the time they were taken, these 
facts furnish proof of fair reliability. It is 
sufficiently good to permit safe machine de- 
sign, especially when one considers the vast 
amount of field experience available on 
machines up to 13.8 kv which can be used as 
a “bench mark.’ 

H. H. Race’s position concerning the 
stability of the semi-conducting compounds 
is very well taken. It might be desirable to 
say a few more words concerning such ma- 
terials. They practically all are composed 
of either highly or partially conducting par- 
ticles held together by insulating com- 
pounds. If highly conducting particles are 
used, the resistance is largely in the insula- 
tion between the particles. This is bad, be- 
cause as the insulation dries out and pos- 
sibly metallic oxides form, the resistivity 
per square inch of surface approaches 5,000 
megohms or more. Aluminum paint is a 
fair example. Hence, somewhat jagged 
particles of inherently high resistivity held 
in intimate contact with each other by a 
varnish or shellac binder are the desirable 
arrangement. Such a _ semi-conducting 
paint may actually show a slight decrease 
in resistivity as the binder dries out and 
pulls the particles into more intimate con- 
tact with each other. These features were 
recognized by McCulloch, who produced 
these paints for us. On tests at from 100 to 
125 degrees centigrade for 6 months no se- 
rious change in resistivity was noted. Also, 
no serious change was noted when other 
varnishes and insulating compounds were 
added after the semi-conducting coating had 
dried. 

R. W. Wieseman describes the use of low 
loss bitumen base varnishes for mica tape as 
though all such fell in the same category. 
Actually there are myriads of ways of modi- 
fying this type of bonding material. Fora 
number of years the company with which 
the writers are affiliated used a certain form 
of mica tape for quite a number of machines. 
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More recently development work was un- 
dertaken to obtain a still better mica tape 
insulation. One was obtained which has a 
lower dielectric loss and with which higher 
_ coil breakdowns are obtained than with any 
other mica tape which it was possible to 
buy from other suppliers. By comparison 
with the earlier mica tape which it super- 
seded, the dielectric loss at elevated tem- 
peratures has been cut to half or less. The 
breakdown voltage has been increased 30 
per cent. This, if not entirely new, is a 
distinct improvement. 

However, there are applications where 
mica folium may be more desirable than 
mica tape. Mica folium when not mechani- 
cally damaged cannot be exceeded in di- 
electric breakdown by mica tape. We have 
had a rather wide experience with both 
mica tape and with mica folium, and we do 
not agree with Wieseman in his discussion 
of these 2 types of ground insulation. First, 
failures with mica folium do not occur more 
readily through the joint at the end of the 
folium than elsewhere. This may be at- 
tributed to the fact that the insulation wall 
is always heavier at this section, but expe- 
rience bears out this point. An interesting 
feature regarding the type of breakdowns 
which occur in mica tape when tested to the 
point of failure has been brought out by our 
research associates. They have extracted 
the bond at the point of failure on a large 
number of samples. On these it was noted 
that the path of the puncture went either in 
a perpendicularly outward direction or axi- 
ally between layers of insulation, never at 
much of an angle diagonally. Where the 
path of failure was perpendicular to the 
layers of insulation, it did not deviate 4/16 
inch to go around a flake of mica. The 
second point made by Wieseman regarding 
mica folium is correct, but in the end wind- 
ing, about 4/; or more of the voltage is on 
the air between coils or between coils and 
ground, because of the large amount of air 
and the relative dielectric constants. This 
is true provided the spacing is sufficient to 
prevent corona, and is true at normal volt- 
ages for all well designed machines. Third, 
power factor and dielectric loss factor are 
almost the same thing. With proper bond- 
ing materials and pressing methods, the di- 
electric loss in folium is as low as it is in 
mica tape. Its long time or step-by-step 
breakdown is as good and its short time 
breakdown is as good or better than mica 
tape, because no joints perpendicular to the 
insulation occur as they do at the edges of 
the mica tape. The chief advantages of 
mica tape are that its use permits shorter 
coil extensions and greater flexibility on 
long coils. 

A review of the paper and references will 
show reference to earlier forms of end 
shields. Almost any corona shield will pre- 
vent electrostatic discharge up to 50 kv in 
air. However, this paper describes other 
shield arrangements which were designed 
for from 150 to 180 kv and which on test 
prevented corona up to 155 kv in air. By 
raising this value 3 times and being able to 
predetermine the conditions, we believe a 
distinct advance was registered. 

Graded insulation has very distinct ad- 
vantages in reducing the cost and size of 
high voltage machines (22 to 36 kv). Wiese- 
man has overlooked the fact that coils with 
concentric turns which were used in the 
Parsons Electric machines would so distrib- 
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ute the voltage as to prevent excessive volt- 
ages to ground, provided the neutral is 
grounded and the line voltage is limited. 
On machines with rectangular coils, even 
though the neutral is grounded, taps must 
be brought out at the junction between the 
high and low voltage windings for lightning 
arrester protection. (See reference 9 of the 
paper.) The leads to these taps do not 
carry more than 1 or 2 hundred amperes 
for perhaps 100 microseconds. Except for 
the lack of permanence of the insulation, 
ordinary lamp cord would be satisfactory. 
Obviously only small leads are needed here. 
However, it is not a serious matter to bring 


‘out 12 main leads on a machine and then to 


make all connections externally. It is not 
uncommoi now to bring out 12 leads. For 
that matter there would be no great dif- 
ficulty in bringing out 12 leads on each end 
of the frame by having 2 windings in the 
machine with the wiring around frame con- 
nections of one on the opposite end of the 
core from that of the other. 

Many opinions have been expressed in 
this country and abroad concerning the 
merits of higher voltage machines as com- 
pared with those of the more usual voltage. 
It is our contention that only careful esti- 
mates on specific applications will yieid re- 
liable data and generator design for the 
higher voltage machines must be made with 
equal care for detail as has been done for the 
more usual voltage machines before such 
comparison will be of value. It has been 
our purpose to present methods of design- 
ing higher voltage machines which will be in 
accordance with the best American prac- 
tices for machines of the more usual volt- 
ages and which can be used in making valid 
comparisons. We do not favor either the 
higher or the more usual voltage machine. 
We wish to be in a position to furnish data 
for valid comparisons, which we feel have 
not been possible before. It it proves that 
there are suitable applications in large met- 
ropolitan areas or in foreign markets, it is 
desirable to be in a favorable position to 
supply the need. 

We were disappointed that this paper was 
not discussed by more representatives of 
operating companies. However, we do 
appreciate the discussion by L. E. Frost as 
representing the views of an operating en- 
gineer. We are in agreement with him that 
there is a potential market for generators of 
higher voltage in large metropolitan areas 
if they prove more economical when com- 
pared with lower voltage machines and 
autotransformers for the same specific ap- 
plications. Such comparisons should be 
carefully made with due consideration 
being given to all factors entering into the 
over-all cost during the life of the machine. 

In replying to P. L. Alger’s discussion, we 
wish merely to refer to our replies to the 
discussions by Rah, Wieseman, and Race. 

M. D. Ross points out more carefully 
than we have done some of the reasons for 
this study and some of the possible applica- 
tions for such work. This is particularly 
helpful in view of some of the questions 
raised by other discussers. 

J. S. Jamison has contributed a more 
complete solution for one of the end shield 
designs which we had calculated. We en- 
joyed co-operating in this work with him 
and were gratified to find that it furnished 
a satisfactory check on our early calcula- 
tions. 


An Advanced Course 
in Engineering 


Discussion and authors’ closure of a paper by 
A. R. Stevenson, Jr., and Alan Howard pub- 
lished in the March 1935 issue, pages 265-8, 
and presented for oral discussion at the educa- 


tion session of the summer convention, Ithaca, 
N. Y., June 26, 1935. 


H. W. Bibber (The Ohio State University, 
Columbus): This paper will be of service 
not only as a means for acquainting all 
members of the Institute with the details of 
the advanced course, but also as a state- 
ment, made by representatives of a great 
industrial firm, to which students can be 
referred when, for example, they are dubious 
of the importance of the study of advanced 
mathematics as a preparation for creative 
work in electrical design. The published 
observations of such men may serve to sup- 
port very effectively remarks made by a 
student’s instructor. 

The value of publishing in ELECTRICAL 
ENGINEERING articles presenting the in- 
dustry’s points of view on engineering edu- 
cation is greater than that of putting these 
articles before the teachers of engineering, 
because of the fairly large number of student 
readers and the respect which is paid by 
students to Institute publications as refer- 
ence matter. 

This paper emphasizes the weight placed 
hy industry upon training in the clear and 
concise presentation of investigations, a 
matter not always appreciated even by 
quite able students. 

Another interesting feature of the paper 
is that it will show the value of an advanced 
study of fundamental principles of physics 
outside of electricity. The statement that 
the graduates of the 3 year course who go 
into electrical engineer ing departments have 
spent about 2/3 of the time in the course 
studying mechanical engineering subjects 
should serve to indicate what is demanded 
for practical engineering to students who are 
impatient with the inclusion of these sub- 
jects in an electrical engineering curriculum. 

The authors have noted that at the time 
the advanced course was instituted ‘the 
courses in many colleges had become too 
practical.’”’ Do the authors believe that in 
the years since the founding of the advanced 
course there has been a significant change in 
the preparation of the engineering college 
graduates hired by their company? Do they 
have evidence of graduates now having a 
greater knowledge of fundamental principles 
and ability to think in terms of them, as 
compared with 11 years ago? 

While it is implied in some places, the 
paper does not contain expressly any 
philosophy on the value of combining con- 
siderable practice in engineering, approxi- 
mately 36 hours per week, with 24 hours of 
outside problem work and class instruction. 
This would have some bearing on graduate 
work in electrical engineering in the col- 
leges and universities, and I should like to 
ask how the authors would evaluate gradu- 
ate instruction, which is given as well as is 
possible in academic surroundings and 
covers the same general field, as preparation 
for a future career in electrical or mechanical 
design. 
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A. R. Stevenson, Jr., and Alan Howard: 
Professor Bibber has asked 2 very pertinent 
questions. He inquires if we have noted 
evidence of a greater knowledge of funda- 
mental principles on the part of graduates 
now as compared with 11 years ago. Such 
trends are, of course, quite hard to evaluate 
but it is our belief that there has been a 
change in this direction, although we can- 
not point to any definite statistics to cor- 
roborate this opinion. We are, of course, 
very glad to note that a number of the 
colleges and universities are reorganizing 
their courses so as to place greater emphasis 
on fundamentals and less on specialties. 

Bibber also asks how we would evaluate 
graduate instruction similar to that given in 
the advanced course but conducted at a uni- 
versity. Referring to the classroom and 
home study activities, we can see no reason 
why these could not be conducted as satis- 
factorily at universities as we conduct them 
at Schenectady provided the same facilities 
and material are available. There are 
available at Schenectady a large number of 
practicing engineers who are experts in the 
various fields covered by the course work and 
give a large proportion of the lectures. Also, 
numerous sources provide actual engineer- 
ing problems, many of which are assigned to 
the classes. We believe, therefore, that it 
would be very difficult for a university to 
maintain fully the viewpoint of the ad- 
vanced course without the access to the 
speakers and problem material we are fortu- 
nate enough to have. Nevertheless, we feel 
very definitely that it is most valuable to 
the student when the fundamental point of 
view, which is the basis of the course, is em- 
phasized in college work. 

Two items not included in the original pa- 
per might be of interest here. The first is 
a list of the mathematical ‘‘tools’’ taken up 
in the first year of the course: 

Ordinary differentia] equations 

Partial differential equations 

Fourier series 

Dimensional analysis 

Graeffe’s method (root squaring) 

Operational calculus 

Numerical methods 
We would like to emphasize that this 
mathematics is studied with the view that 
it is necessary for the solution of certain 
types of engineering problems and not be- 
cause of direct interest in the mathematics 
as such. 

The second item is the chart reproduced 
here, often used in the advanced course to 
illustrate the interrelation of the funda- 
mental principles of the fields of mechanical, 
thermal, and electrical energy. 
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ADVANCED COURSE IN ENGINEERING—G. E. CO. 


Engineering Fundamentals 
(llustrative) 


es 


MECHAN- ELEC- 
ICAL THERMAL TRICAL 
ra Conservation of Energy 
3 Principle of Superposition 
ro Principle of Similitude 
= Action Equals Reaction 
3 Virtual Displacement 
3 Conservation of ‘‘Momentum” 
a Laws of Fields 
a Perfect Gas Kirchhoff’s 
es 3 Newton's Heat Flow Ohm's 
34 Carnot Cycle Ampere’s 
Vv 
a Mass Temperature Unit Pole 
2 Force Total Heat Charge 
@ Velocity Specific Heat Potential 
& Strain Latent Heat Flux 
2 Viscosity Entropy Resistance 
Inductance 
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Definitions of Power 
and Related Quantities 


Discussion and authors’ closure of a paper by 
H. L. Curtis and F. B. Silsbee published in the 
April 1935 issue, pages 394-404, and pre- 
sented for oral discussion at the instruments 
and measurements session of the summer con- 
vention, Ithaca, N. ¥., June 25,1935. Other 
discussion of this paper was published in the 
October 1935 issue, pages 1120-1. 


C. Budeanu (nonmember, Polytechnic 
School, Buch4érest, Roumania): In the first 
place I am grateful to the authors for the 


attention they have given to the Roumanian: 


works on this interesting chapter in electro- 
technics. I affirm also with extreme satis- 
faction that all the fundamental ideas that 
I have had the occasion to suggest to them 
comprising these problems (see references 
at the end of this discussion) are in perfect 
agreement with the conclusions of the above- 
mentioned report. 

On the questions treated in this report, I 
wish to make the following reflections. 


GENERAL CONSIDERATIONS 


Properties of Conservation. These prop- 
erties that arise from a fundamental physi- 
cal situation give a different authority to 
notions of power. 

Therefore I consider that the properties 
of conservation constitute the basic criterion 
for the definition of the notions, for the im- 
portance given to these notions as well as 
for the theoretical and practical methods in 
which we use them. 

I remember that I have already shown 
that in a network without mobile contact, 
formed from J single-phase elements, the 
difference of potential and current of each 
element being noted with 


“= W223," Unsin (nwt — Qn) 

= V/2 3," In sin (not — Bn) (1) 

on = Bn — an 
the properties of conservation of the quan- 
tities of electricity (first law of Kirchhoff) 
and instantaneous power allow us to write 
the laws of general conservation of active 
powers, of reactive powers, and deforming 
powers for every harmonic and for every 
group of harmonics mn: 


a Pn = > Un In cos (¢n) 0 (2) 
1° Qu i Se Un In sin (en) 0 (3) 
21° D'nm = Di [Un Im cos (an + 

Bm) — UmIncos (am + Bn) ] = 0 (4) 
21° ID) Gores = ie [UnIm sin (an + 

Bm) — UmlIn sin (am ata Bn) ] = 0 


From these relations results: 


(a) The property of the algebraic conserva- 
tion of total active powers: 


P = Dayit Pr => Die Ux Te cos (gn) 

(b) The property of the algebraic conserva- 
tion of total reactive powers: 

Q = Die Qn = rayie Un Ly sin (en) 


(c) The property of the vectorial conserva- 
tion of deforming powers of the order mn: 


Dam = V(D'nm)* + (D'nm)? = 
VU? nT2m ae Um?In? wy 
2UnUmInImco (¢n — gm) 


(d) The property of the vectorial conserva- 
tion of total deforming powers: 


D = V3 (Dam)? = 


VE[Un2 Im? + Um? In? — 
2UmUnImIn cos (yn — ¢m)] 


(e) The property of the vectorial conserva- 
tion of apparent powers: 


Pap = VP?+Q2? + D? = UI 


All these notions have therefore a physical 
character; they are not merely some ar- 
bitrary magnitudes. In the studies men- 
tioned in the references at the end of the 
present discussion the application of these 
properties is given. 

On the other hand, the properties of con- 
servation are the principal criterion which 
enables us to distinguish the magnitudes 
having a physical character from those of a 
purely conventional nature. 

The Normal Order of Definitions. The 
above properties of conservation give a 
different authority to the notions of active 
power, reactive power, and deforming 
power, as a consequence of the properties of 
conservation of instantaneous powers and 
quantities of electricity which constitute 
the true physical reality in all these phe- 
nomena. 

In consequence, there should be no possi- 
bility left of interpreting the deforming 
power as a definite conventional magnitude 
only, by way of: 


D = V Pap? — P? — Q? 


The properties of these notions should re- 
sult independently of the apparent powers 
IP ap. 

The Nomenclature of Magnitudes. As is 
shown in the report under discussion, the 
question of the nomenclature on magnitudes 
still constitutes an important subject for 
discussion. 

I entirely agree with the conclusions of 
the report on the fact that it is not desirable 
to term the magnitudes by the units that 
measure them. 

Concerning the terminology of ‘‘distor- 
tion power,” I bring up the reference to the 
notion in which I introduced it under the 
term of “deforming power.’’ I have no 
objection whatsoever to the rightly called 
term which is adequate for the official or- 
ganizations and especially to the Inter- 
national Electrical Commission. The no- 
tion, which is interesting in itself, must be 
upheld. 

On the terminology of magnitudes I beg 
to draw attention to a very judicious point 
of view expressed by M. Blondel. : 

He, to avoid any kind of confusion what- 
soever, wishes to keep the expression 
“power’”’ only for active power, but for the 
other notions of the group of dimensions of 
power, he proposes a new terminology. 

Thus M. Blondel utilizes the term ‘‘hor- 
manance” for ‘“‘reactive power’ and ‘‘mu- 
tual hormanance’”’ for the notion which I 
have termed provisionally ‘‘deforming 
power”’ (distortion power). 

The expression ‘‘apparent power’? is re- 
tained; this being able to contain elements 
of active power as well. 

Nomenclature for Unities. In practice, a 
great necessity has been felt for a termin- 
ology for the unit of reactive power. Based 
upon the proposal of the Roumanian 


-Electro-technical Committee, the Interna- 
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tional Electrotechnical Commission ad- 
mitted the term ‘“‘var,’ formed from the 
initials of volt, ampere, and reactive volt- 
amperes. 

The term “‘var’’ is easily adapted for all 
usual prefixes and suffixes: e. g., ‘‘kilovar,”’ 
“varhour,” “kilovarhour,’’ etc. 

This practical term is today almost en- 
tirely adopted by the world of technics. 

Insufficient Definitions of ~/Pap? — P?. 
This definition has for a long time been 
favored to characterize reactive phenomena, 
in a nonsinusoidal system. On the other 
hand, this notion has been very much criti- 
cized. As I have pointed out on different 
occasions, the definite notion of the above 
formula gives nothing precise and can be in- 
terpreted as an arbitrary definition (see 
page 34 of reference 2). 

However, in reality, taking into account 
these expressions as stated under ‘‘Proper- 
ties of Conservation,’’ we have: 


V Pap? = je VQ? + D? 


It results therefore that the notation 
V Pap? —.P? can be regarded as the vec- 
torial sum of reactive power Q and of ‘“‘dis- 
tortion power’? D. Therefore, we have 
brought into evidence, these 2 distinct cate- 
gories of phenomena, of a reactive and de- 
forming nature that remain the basis of the 


magnitude V Pap? — P?. On the other 
hand, the same analysis shows us that the 
magnitude V Pap? — P?, if it has not the 
property of an algebraic conservation, is, 
however, possessed of the property of vec- 
torial conservation. 

On the Separating of a Nonsimusoidal Cir- 
cuit into Several Sinusoidal Circuits. It is 
evident that the method of Fourier gives 
us the possibility of a like decomposition 
when it is a question of nonsinusoidal func- 
tion. Still, I do not believe that when it is 
a question of magnitude of powers we can 
be satisfied to break down our network into 
several identical classes, under, however, 
the sinusoidal currents and voltages corre- 
sponding to the different harmonics. 

Proceeding thus, we are not able to put 
forth the real value of instantaneous powers; 
in consequence, the notion of deforming 
power (distortion power) would disappear 
and thus we could not arrive at the real 
value of apparent powers. 


DETAILED CONSIDERATIONS 


I propose to bring forward the following 
considerations of detail: 

(a) It is true that it is preferable to have 
all definitions as complete as possible, but it 
is not less true that we must distinguish the 
magnitudes that have a physical significance 
from those that have a purely conventional 
character or the réle of a magnitude of cal- 
culation. 

(b) Generally, the properties of conser- 
vation allow us to establish in every case 
that the total power which enters a portion 
of the network is equal to the sum of the 
powers developed in whole of the elements 
of those portions of the network. 

This property is applied under an alge- 
braic form for instantaneous powers, active 
and reactive powers and under a vectorial 
form for deforming powers (distortion 
powers) and apparent powers. 

These properties of conservation must be 
inscribed among the fundamental proper- 
ties of all these notions. 
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(c) A distinction must be made in the ac- 
tive power, as well as in the reactive power 
and in general in the instantaneous powers 
and even in the deforming powers between 
“produced powers” and “received powers.” 

Thus, for instance, the expression “‘induc- 
tive reactive power,” is not sufficient to 
characterize the sign and sense of these re- 
active powers. 

The inductive-reactive power produced by 
a generator is of a sense opposed to the in- 
ductive-reactive power received by an induc- 
tion coil. 

(d) I consider it preferable, on the con- 
sideration of physical properties, to adopt 
the following order of definitions: real 
power, reactive power, deforming or distor- 
tion power, and after, apparent power. 

(e) If we give for apparent power as a 
property, that through its multiplication 
with cos yg, under sinusoidal conditions, it 
obtains real power, we must at once pro- 
nounce also the property that through mul- 
tiplication with sin ¢ reactive power is ob- 
tained. 

(f) I quite agree with the definition 
adopted for the reactive power in circuit 
with nonsinusoidal currents and potential 
differences, because of the considerations 
I have developed in various studies and re- 
ports. 

(g) The reactive power, as applied to cir- 
cuits in which the currents and potential dif- 
ferences are sinusoidal, has the property of 
being able to be written under the formula 


Q oe 20 (Wm a We) — af (Wm ae We) 


where Wm is the stored electromagnetic 
energy and W-. the stored electrostatic 
energy. 

Now, I have shown that even when the 
currents and potential differences are non- 
sinusoidal we can have an analogous ex- 
pression (see reference 11) in which w has a 
well-defined average value between the 
fundamental wave and different harmonics. 

(h) I consider it preferable that the dis- 
tortion power should be defined by its prop- 
erties that are deduced from the principle 
of conservation. 

About the terming of these notions, as I 
have pointed out, I have no objections 
whatever. I consider it very interesting 
that the notion itself has been retained. 

(7) About the terms for fictitious power, I 
should like to draw attention to the fact 
that the committee for reactive power was 
of opinion to term it “complementary 
power.” 

(j) In balanced polyphase circuits, the 
principle of conservation easily brings into 
evidence the total value of real power, reac- 
tive power, and deforming power. I have 
examined several special cases that have led 
to interesting results (see page 295 of refer- 
ence 1). Thus, I have shown, for instance, 
that in a 3-phase balanced system with 
different sinusoidal potentials and nonsinu- 
soidal currents, the total apparent power is 
smaller than 3 times the apparent power in 
each phase. 

(k) In an unbalanced polyphase circuit 
the notions that are of direct interest are 
the active, reactive, deforming, and apparent 
powers in every phase and after that, the 
total active power which can easily be de- 
fined, and in some measure the total reac- 
tive and deforming powers. 

Among the notions of apparent power, 
the only one which appears in connection 


with the properties of conservation is the 
vector power. 

All the other definitions such as arith- 
metic apparent power, algebraic apparent 
power, mesh power, etc., have no physical 
character issuing from the properties of 
conservation. 

(1) By the same considerations in the 
case of unbalanced polyphase circuit under 
nonsinusoidal conditions, the total deform- 
ing power (distortion power) is the vectorial 
sum, but not the algebraic sum of the ele- 
mentary deforming powers. 

This vectorial sum must be taken in a 
space with several dimensions as results from 
its properties of conservation. 
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A. E. Kennelly (Harvard Univ., Cambridge, 
Mass.): The paper is a valuable and timely 
contribution to the important but vexed 
subject of a-c power nomenclature. The 
following remarks are offered from the stand- 
point of international proposals of the I.E.C. 

Right-Angle Triangle Power Diagrams. 
Figure 1 of the paper, on page 397, shows the 
conventional power diagram for a single- 
phase condensively reactive load of resist- 
ance and capacitance, according to the 
I.E.C. rule for interpreting unspecified 
power triangles. It is admitted that this 
same diagram may correctly be taken to 
represent either condensively reactive or 
inductively reactive load, according as the 
impressed electromotive force vector E£ or 
the impressed current vector J is made the 
standard of reference. (See “Vector Power 
in Alternating-Current Circuits,’ A. E. 
Kennelly. A.I.E.E. Trans., v. 29, pt. 2, 
1910, p. 1233-67.) When there is no indi- 
cation accompanying the diagram to fix its 
basis, the I.E.C. convention of P — jQ, at 
Paris, in 1933, for inductively reactive load, 
has to be invoked. 

If, however, the rule should be inter- 
preted to mean that inductively reactive 
load can only be presented in a diagram 
under the form P — jQ, then it might be 
inferred that the impedance of a coil must be 
R — jX ohms; whereas the I.E.C. resolu- 
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tion at Turin, in 191i, has universally been 
adopted that a coil’s impedance is essen- 
tially R + 7X. 

Vector and Apparent Power Factors. The 
paper shows that a steady unbalanced 3- 
phase system when operated by a sinusoidal 
or simple harmonic 3-phase generator, has a 


vector power factor P/V P? + Q?, which is 
identical with the apparent power factor 
D>P/>(EI). If, however, the generator im- 
presses complex harmonic electromotive 
forces, the apparent power factor will differ 
from the vector power factor, and will also 
be ambiguous; i. e., the apparent power fac- 
tor will vary according to the selection of the 
terminals for measurement. It seems, 
therefore, desirable for the present, to em- 
phasize the importance of the vector power 
factor of a polyphase system as a fundamen- 
tal property of the system, and to make the 
measurement with generators having rela- 
tively small departures from sinusoidal 
electromotive forces. The I.E.C. recom- 
mendation of Stockholm, in 1930, for a 
sinusoidally measured polyphase power fac- 
tor was P/V P? + Q?, which is identical 
with the vector power factor defined in the 
paper here under discussion. 

Construction of Plane Vector Diagrams. 
Since 1893, electrical engineering has exten- 
sively employed the j operator (or ~/—j 
operator) for extending a plane vector by 
the addition of an element perpendicular to 
a fixed direction of reference (see “‘Imped- 
ance,” A.I.E.E. Trans., v. 10, Apr. 1893, 
p. 186). Thus, in figure 1 of the paper under 
discussion, we all recognize that the vector 
power U is P + jQ, where P has the fixed 
direction of reference. 

Similarly, in figure 3, the vector power V 
is 2 P + 2jQ, where the P elements all have 
the fixed direction of reference. 

In the construction of plane vector dia- 
grams, however, there is often an advantage 
in changing the direction of reference as the 
construction develops, and in applying the 
j operator to the /atest vector in the process. 
_Thus, if we use the symbol 7’ to call for the 
addition of a vector element perpendicular 
to the instantaneous stage of construction, 
we have, in figure 3, apparent power U = 
V + 7’M, where the mesh power M is drawn 
perpendicular to V, and not to P. Hence, 
U=2P +270 + 7'M. 

It is well known that the total effective 
value of a periodic or nonsinusoidal electro- 
motive force E = FE, + EA; + HE; +... En, 
isE = VE; + Es? + Ee +... En? 
where £; is the fundamental component, and 
£;, Es, etc., are the harmonic components. 
This may be written with the use of the 7’ 
operator, H = £, + 2j’En. This 7’ process 
is sometimes colloquially described as ‘“‘crab 
addition.” 


E. Brylinski (nonmember, Paris, France): 
I offer my congratulations that this work 
has been done and with so much care. The 
paper is perfectly clear. 

However, if one attempts to develop any 
matter in so complete a manner, great com- 
plications must necessarily arise and I am 
not yet entirely certain that it is ever worth 
while to go into such detail as here indi- 
cated. 

The one point in this paper which clashes 
with my habits of thought in these matters 
is the proposal to adopt as units, ‘“‘vecto- 
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rial’’ volt-amperes, ‘‘distorted’” volt-am- 
peres, ‘‘fictitious’’ volt-amperes. For me 
the volt is a definite unit which does not ac- 
commodate itself to any qualifying adjective. 
The same applies to the ampere and also 
to the volt-ampere. Every time I see such 
an expression as “vectorial” volt-ampere, 
or “‘fictitious’’ volt-ampere, or “reactive” 
volt-ampere, it gives me something of a 
shock. I think I would have great diffi- 
culty in accommodating myself sufficiently 
to any of these expressions to accept them 
as standards, for the same reasons that I 
have always refused to accept the expression 
“reactive” volt-amperes or “‘reactive’”’ watts, 
which is worse. It is for these reasons that 
I have been one of the principal advocates 
of the movement which has resulted in the 
designation of the unit of reactive power by 
the word ‘‘var.” 


H. B. Smith (Buffalo, Niagara and Eastern 
Pwr. Corp., Buffalo, N. Y.): The authors of 
this paper are certainly working for a good 
cause, and have done a good job of present- 
ing the matter involved to the engineering 
public. A standard system of names for 
power quantities should be appreciated by 
all of us. However, in drawing up such a 
system we should not be satisfied with just 
a name. In choosing these names, we 
should be guided by the specification 
that they appear logical and be easy to re- 
member. Anything which tends to make 
the system of names easy to remember 
should be worth consideration. If we adopt 
a system which is hard to remember, the re- 
sult may be that many will not try to use it 
—the system will be adopted in theory but 
not in practice. Therefore, we should even 
be willing to put up with some disadvan- 
tages in a system of names, if it has the ad- 
vantage of being easy to remember and, 
hence, likely actually to be used after adop- 
tion. A general rule for drawing up a sys- 
tem that can be easily remembered might 
be: reduce the number of different words to 
a minimum where possible, choose words 
that are suggestive, and make related quan- 
tities appear as such through their names. 
If necessary, the logic in naming a quantity 
need not be along the samelines asthe mathe- 
matical process in determining the value of 
that quantity. 

(a) Assuming that this general rule for 
drawing up a system of names is reasonable, 
I find that the system presented by the au- 
thors does not satisfy. Refer to the au- 
thors’ figure 2, page 398. The line F is 


called “fictitious power’? but actually the 
quantity represented is no more ‘“‘fictitious’” 
than several of the other quantities repre- 
sented in the diagram. The line JN is called 
“nonreactive power’ but the quantities 
represented by lines P and D are also “‘non- 
reactive’ power quantities. 

(b) The authors present 3 varieties of 
“apparent power” for unbalanced poly- 
phase circuits with nonsinusoidal voltage or 
current: 


Arithmetic Apparent Power. It is admitted that 
the quantity represented by this term “‘has none 
of the properties of apparent power in either of the 
simpler types of circuits.’ The A.I.E.E. in 1920 
omitted it in their standards. According to the 
authors ‘‘a number of engineers have urged its 
inclusion, possibly because it can be readily obtained 
from measurements with ammeters and _ volt- 
meters.” It cannot always be used in determining 
load limit of polyphase apparatus. In view of the 
above, I would omit it in a standard system of 
power terms. 

Algebraic Apparent Power. This quantity has the 
point in its favor that it possesses property (d)— 
see the authors’ article, page 396. It appears to 
be a quantity which can be calculated, but which 
can be measured only with more or less difficulty. 
Hence, for general use, its value seems question- 
able. 

Limiting Apparent Power. This quantity is easy 
to measure. It has value in being a very safe 
(pessimistic) quantity to use in determining load 
limits of polyphase apparatus. For example, in 
the case of a 3-phase unbalanced load made up of 
3 unequal single-phase loads, if the ‘“‘limiting 
apparent power’’ is measured and used to fix the 
size of 3 single-phase transformers supplying the 
load, it would be impossible to overload any of the 
transformers, regardless of how the different phases 
of the load were connected to the transformers. 


Based upon the foregoing, it seems to me 
that the best ‘‘brand”’ of apparent power to 
use is the “limiting apparent power.”’ It 
has both the virtues possessed by the other 
2 “brands,”’ and has an additional virtue in 
that it would always be a foolproof means of 
determining required apparatus capacity 
for an unbalanced polyphase load. 

(c) One thing that is true of all 3 of the 
above mentioned kinds of “apparent power’’ 
is that none of them is a vector (even in the 
sense that the other quantities in figure 4 
are vectors). Similarly ‘‘mesh power,’’ 
which is defined in terms of one of the 3 
above quantities and “‘vector power,”’ is not 
a vector quantity. Hence, to be correct, 
we should not show any of these quantities 
in a power vector diagram such as figure 3 
or figure 4. At any rate, if we do tolerate 
their presence there, we certainly should not 
allow them to have any effect on our logic 
or judgment in naming and representing the 
other quantities which bear vectorial rela- 
tions between each other. Furthermore, 


Table I—Proposed System of Power Terms 


——— 


Line in Power Diagram 
(See Figure 1) 


Proposed System 


Curtis and Silsbee System 


l-phase Unbalanced ; Sym- Sym- 
load 3-phase load Name of Quantity bol Name of Quantity bol 
Ord nape tere O=0 i ners active powefn—serr elses) sieisr> em Nette ce active Ppowersornic cle + ate cies iP. 
O=05 5 Pine O=b att Ned reactive powerless ss ss) ae ORT ae es feactivespowerne eee ane Q 
Onde iets 0-0 eas VECtOr POW eEst eye cite ote es ale Vib arspcsne's Vector power sous. Soren cee iene V 
OnC ais sisters CO OMS SOMA distorting power............. Doe eee distortion ‘powefin.ccayeto noe D 
On€ in or Saraiste G-Gh a Oe distorted active power........ PO ovear non-reactive power............. Ni 
Of Stine oe O-ficas tthe ts distorted reactive power...... OF TES Bes 3 fictitious power... so eee 
O=@ratiakatie O2R im. tas distorted vector power........ Vig. teu apparent power 
(single phase only)............ U 
arithmetic 
OF Mee veres limiting apparent power....... (Oe icc algebraic apparent power....U 
limiting 
BR isvastesisis MESH POWEEN. e151 <). eee cece DM: hovauetete MESH, DOW EL ote. «is)eu9 +) va a sterner ee M 


ELECTRICAL ENGINEERING 


| 


since, in figure 4, U and M are present only 
through courtesy, we should give line a-d 
{a vector) a name so as to make this 3-di- 
mensional power vector diagram complete, 
just as was done in figure 3. A name for 
a-d, in accord with the system of names pre- 
sented by the authors would be ‘‘vector 
apparent power,’’ as contrasted with ‘‘arith- 
metic” and ‘‘algebraic’”’ apparent power. 


PROPOSED SYSTEM OF POWER TERMS 


In conclusion, I should like to offer a 
different system of names. Perhaps this 
can best be done by means of table I and 
figure 1. Figure 1 is a copy of Curtis and 
Silsbee’s figure 4, except for the lettering. 

Using the symbols in the proposed system 
of table I, and referring to figure 1, we have: 


V2 = P24 Q? 
P? = P? + D? 
075= Q? + D? 
Ve = V2+ Dtor Vat = P? + Q? + D? 


To the writer, it seems that this system 
satisfies fairly well the so-called general rule 
previously mentioned. Corresponding with 
the 3 axes in the diagram, we have ‘‘active 
power,” “reactive power’ and ‘‘distorting 
power.’ Should we know these 3 basic 
power quantities for a particular circuit, all 
other power quantities could be derived. 
Hence, it would seem reasonable to choose 
names for these other quantities which will 
give some clue as to relationship. Further- 
more, it seems reasonable to expect that 
such a system of names will be easier to re- 
member and use than a system made up, in 
part, of nonrelated names. 

By way of justifying the system proposed 
by the writer, the following is pointed out 
(refer to accompanying figure 1): 

Consider only one phase of the unbal- 
anced 3-phase load represented. 

1. If the load were pure resistance, and if current 
and voltage waves were sinusoidal, the total volt- 
amperes present would be represented by the line 
o-a—“‘active power’”’ (P). 

Now, if there are harmonics present in the voltage 
or current wave, the line representing total volt- 
ampere changes from o-a to o-e—“‘distorted active 
power”’ (Pa). 
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Fig. 1 Power dia- 
gram for unbalanced 
3-wire polyphase 
circuits with non- 


sinusoidal current or 
voltage waves 


2. If the load were pure reactance, and if current 
and voltage waves were sinusoidal, the total volt- 
amperes would be represented by line o-b—“‘reac- 
tive power”’ (Q). 

But if the current or voltage waves have harmonics, 
the line representing totai volt-amperes is changed 
from o-b to o-f—‘‘distorted reactive power”’ (Ud). 

3. If the load contained both resistance and re- 
actance, and if current and voltage waves were 
sinusoidal, total volt-amperes would be represented 
by line o-d—‘‘vector power” (V). . 
Again, if the current or voltage waves contain 
harmonics, the line representing total volt-amperes 
is changed from o-d to o-g—‘distorted vector 
power”’ (Va). 

In each of the 3 cases assumed above, it is noted 
that the quantity which is responsible for changing 
“active power’ to ‘‘distorted active power,” 
“reactive power’ to “distorted reactive power,” 
and “vector power”’ to ‘‘distorted vector power”’ is 
the power quantity represented by the line o-c, 
Hence, it seems logical that this quantity be 
named ‘‘distorting power’’ (D) since, when present, 
it distorts any of the other power quantities. 


J. J. Smith (General Elec. Co., Schenectady, 
N. Y.): In 1928 the A.I.E.E. transiated 
and printed the Rumanian questionnaire 
on the subject of reactive power. The re- 
plies to this questionnaire and the discus- 
sions have been printed by the committee 
on the subject in Europe and embrace 16 
volumes and several hundred pages. The 
committee did not arrive at definite recom- 
mendations. 

This paper gives concrete proposals for 
the various terms. For single-phase cir- 
cuits and balanced polyphase circuits under 
both sinusoidal and nonsinusoidal condi- 
tions a single set of definitions is given 
which seems to meet any reasonable re- 
quirements. For the unbalanced multi- 
phase circuit there is still work to be done. 
It will be noted that there are 3 different 
definitions for apparent power, namely, 
arithmetic apparent power, limiting appar- 
ent power and algebraic apparent power. 
I assume that conflicting opinions on this 
subject made it desirable to include the 
alternative proposals. It would have been 
helpful if the authors had seen their way to 
definitely recommend only one definition 
for apparent power. 

To arrive at one definition it will be neces- 
sary to make a decision on how far we shall 


go in attempting to apply the concept o 
power factor to the different effects which 
occur in power circuits. These effects may 
be listed in the order we meet them in con- 
sidering such circuits. 

Displacement of voltage and current waves 
Presence of harinonics 

Presence of unbalances 


Pulsations (steady) 
Load factor (demand) 


sao se 


It seems pretty generally agreed that the 
displacement of current and voltage waves 
and presence of harmonics should be han- 
dled under the apparent power concept and 
that the load factor should not. Unbal- 
ances and pulsations are not definitely 
covered at present and a decision should be 
reached that they will or will not be handled 
by attempting to incorporate them in ap- 
parent power. Some disposition will have 
to be made of them before the quantities 
relating to power, power factor, etc., are 
definitely settled. If no other way of ar- 
riving at a decision can be found, possibly a 
letter ballot similar to those previously used 
by the authors would give an answer. 

In arriving at such a decision it will, of 
course, be advantageous to have a clear 
statement of what the problem of reactive 
power is. I would submit the following 
which is along the lines already given by 
Prof. C. E. Budeanu in “‘Puissances Réac- 
tives et Fictives,’” published in 1927. In 
this summary the term ‘‘reactive power”’ is 
used to denote all components of the appar- 
ent power which are not active power. 

The object of the study of “reactive 
power’’ may be seen from an examination of 
the effects produced on a power network, 
which are: 


1. The ‘reactive power’’ required by a user must 
be produced somewhere in the power system. 


2. The ‘‘reactive power’? must be transmitted 
from the point of generation to the user. This 
transmission produces effects similar to the trans- 
mission of real power such as a loss of power in the 
transmitting network and a lowering or change in 
voltage. 


3. The transmission of ‘‘reactive power’? through 
a distribution network ties up a part of the capacity 
of the network for this reactive power and as a 
consequence diminishes its capacity for the trans- 
mission of real power. 

It is evident that items a and 3, the dis- 
placement of voltage and current waves and 
the presence of harmonics, contribute to 
effects outlined under items 1 to 3. Item 
(e), load factor, also contributes to these 
effects but it has already been found suit- 
able to cover it by demand factor as pointed 
out by the authors in section 9. 

Pulsations, item (d), arise from the elec- 
trical coupling of mechanical systems and 
introduce frequencies which are in no way 
related to the fundamental frequency or its 
harmonics. It would, therefore, seem ad- 
visable to handle these effects on a separate 
basis as has already been done in the case of 
load factor. 

As regards item (c), if we consider the pres- 
ence of unbalance on a power system as giv- 
ing rise to effects on the power network 
which are equivalent to those produced by 
phase displacement and harmonics and if we 
desire to include all of these effects under 
the heading of power factor we are led to 
adopt the definition of limiting apparent 
power and discard those of arithmetic or 
algebraic apparent power. For instance, 
consider a 3-phase circuit with balanced 
voltages and a resistance load connected 
between 2 lines. The ratio of the active 
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power to the arithmetic or algebraic appar- 
ent power is unity. The ratio of active 
power to the limiting apparent power, con- 
sidered as a single-phase load, is also unity. 
However, if we consider this unbalanced 
load as a 3-phase load the ratio of the active 
power to the limiting apparent power is 
0.58, and thus we get a definite distinction 
between a balanced and an unbalanced type 
of load. 

As an alternative, of course, we might 
endeavor to frame our definiiions so as to 
include only active power, reactive power, 
and distortion power, keeping the unbal- 
ance power separate. In the latter case we 
might use the definitions given of arithmetic 
or algebraic power. If this is done, however, 
we are immediately faced with the problem 
of defining an additional factor for practical 
power systems which we may designate as 
unbalance power, and such a definition 
should be proposed for consideration. 

I hope that the discussion which ensues 


as a result of this paper will eventuate in a - 


decision on what quantities are to be in- 
cluded in the concept of apparent power. 
With this definitely settled the broad out- 
lines of the definitions to be used would be 
fairly well established and it should not 
prove a very difficult matter then to agree 
upon the final details. 


C. L. Fortescue (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): In this 
paper the authors have attempted to define 
the power relations of a nonsinusoidal single- 
phase system in the form of a geometric 
power diagram for periodic conditions. In 
deriving this concept they have defined new 
terms, such as, “distortion power,” “‘ficti- 
tious power,’ and “nonreactive power.” 
The authors have attempted to present a 
series of definitions which would cover all 
of the power quantities which are likely to 
be found useful and have attacked this 
problem in a fundamental way. Such a 
procedure seems very desirable as it avoids 
the necessity for radically revising the ter- 
minology for each minor advance in applica- 
tion of power quantities and related terms. 

While the paper presents definitions of a 
fundamental nature it must, of course, be 
fully appreciated that many of the terms will 
not be found useful at this time and some 
perhaps may never be used by the operating 
or designing engineer. 

The simplest type of single-phase circuit 
having » harmonic frequencies has n de- 
grees of freedom, each harmonic acts as if 
the fundamental and the rest of the har- 
monics were nonexistent. Each harmonic 
has its own independent J?R loss, its own 
power, reactive, and apparent power, quite 
independent of the coexistence of the other 
harmonic quantities. If we think in terms 
of the dynamical theory of currents, the 
generalized equations of motion for each of 
the components of harmonic current are de- 
rived separately from the Lagrangian energy 
function and are considered as independent 
entities. This is how the solutions are 
carried out in practical work. Generally 
in actual systems from the point of view of 
power and reactive power the higher har- 
monics are of little importance because 
when they are present in sufficiently large 
quantities as to be noticeable means such as 
harmonic filters must be employed to reduce 
them to tolerable values. After a specific 
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problem has been solved in the manner in- 
dicated, it can be set up in the form of the 
diagram of figure 2 but that it will be help- 
ful in visualizing the results of the solution 
appears to me to be extremely doubtful. 

The above is concerned with the simplest 
type of nonsinusoidal single-phase system, 
but more complex systems exist in which 
the harmonics are functionally related to 
one another. In simple language, there is a 
frequency transformation in the system. 
The examples of such circuits are those con- 
taining iron which is subjected to satura- 
tion, and circuits in which there are arcs. 
It is difficult to visualize how the analysis 
of a system of such a character could be 
helped by the power diagrams or new defi- 
nitions. 

Where consideration is given to nonsinu- 
soidal 3-phase systems, the complications 
are multiplied by 3 for the unsymmetrical 
case. This leads to extensions of terminol- 
ogy by the use of symmetrical components. 
Power and reactive power interchanges be- 
tween phases add to the difficulty of the 
problem and of the terminology. 

I believe that it will frequently be found 
convenient in dealing with a nonsinusoidal 
system to characterize it by defining each 
harmonic, its power and power reactor, and 
phase relation at some specified time to the 
fundamental frequency on some other suit- 
able data. These are simple definitions 
and are well understood by most students. 


K. Kiipfmiiller and W. Quade (nonmem- 
bers): (Abstract). In addition to the dis- 
cussions published herein there were re- 
ceived 2 other foreign discussions from K. 
Kiuipfmiiller of Danzig and W. Quade of 
Karlsruhe, Baden, Germany, respectively. 

Kiipfmiiller pointed out the futility of 
introducing terms which have no practical 
significance or use at present. 

Quade called attention to a totally differ- 
ent and alternative procedure by which it is 
possible to extend power concepts to non- 
sinusoidal cases and to polyphase circuits. 
This method is set forth in his articles in 
Archiy fiir Electrotechnik, volume 28, 
1934, pages 130 and 798. By following this 
procedure he arrives at a quantity which for 
single phase circuits is the same as that 
which the present authors call fictitious 
power but which Quade calls ‘“‘blind- 
leistung,’”’ which is the usual word for re- 
active power. In the polyphase circuits 
there is no direct equality between the 
quantities arrived at by the 2 methods. 


H. L. Curtis and F. B. Silsbee: We would 
like to express our appreciation of the 
careful consideration which the critics have 
given to our paper. We realize that the 
subject matter is, at present, controversial. 
One of the principal purposes of the paper 
was clarification of ideas by stimulating 
discussion. We feel that something has 
been accomplished in this direction since 
the critics agree on a number of points, 
although they disagree on others. 

The criticism has been made by Lyon, 
Pratt, J. J. Smith, and Kiipfmiiller, that 
we have defined too many quantities, some 
of which are of no practical use and which 
will not be used in the future. We have, 
with one exception, defined only those 
quantities which are already in use, but 


many of which have not had names that 
uniquely identified them. We began the 
consideration of this subject at the request 
of the American Standards Association 
committee on definitions who wished to 
clarify the situation for the benefit of the 
readers of the future. If useless terms 
have been defined, there is no compulsion 
on anyone to use them, and they will soon 
disappear from the literature. 

Budeanu and Lyon both object to our 
treatment of ‘“‘distortion power.’’ The 
former objects because we do not assign 
to it a physical reality, and points out 
that it is vectorially conserved if its com- 
ponents are properly combined (which 
can only be visualized by conceiving space 
of many dimensions). The latter, on the 
contrary, objects to defining it at all on 
the ground that it is not a useful concept 
and gives an example to show that dis- 
tortion power is not algebraically additive 
even in the simplest circuits. The authors 
realize the limitations pointed out by Lyon 
and admit the possibility of a detailed 
treatment such as desired by Budeanu. 
However, our purpose was merely to pro- 
vide a suitable nomenclature for concepts 
which some authors are now using. 

We fully agree with Fortescue and Pratt 
that the treatment of harmonic quantities 
separately is often necessary and that the 
lumping of the effects of the harmonics, as 
our definitions contemplate, is not always 
a suitable procedure. While the termi- 
nology of our paper was primarily devised 
for those cases where lumping is permissible, 
yet it also is entirely consistent with the 
terminology required for a complete analy- 
sis. For example, a definite meaning is 
assigned to “‘the reactive power of the nth 
harmonic.”’ 

A number of the critics wished that we 
had decided upon a single definition for 
“apparent power”’ in unbalanced polyphase 
circtits, ~ Pratt) J. Jee omithyand sem. 
Smith favor “limiting apparent power,’ 
while others, including some who gave oral 
discussion at the convention, have not 
expressed a preference. Kennelly seems 
to think that the concept of “apparent 
power”’ is of little value, since he stresses 
the importance of vector power. It seems 
to us that the selection, at the present time, 
of a single definition is not possible, and 
perhaps will never be desirable. The 
various names represent different concepts, 
and until usage has demonstrated the ones 
that are useful, all of them should have 
distinguishing names and precise defini- 
tions. We believe it would be very unwise 
for the A. S. A. committee on definitions 
to fail to provide suitable names and de- 
finitions for quantities which are now in 
use. 

As regards the names of the various 
concepts, the discussion brings out again 
the wide divergence of usage and opinion 
as to the best nomenclature. We feel 
that this is an indication that in the absence 
of some central agreement, usage is going 
to drift further apart and the present con- 
fusion become doubly confounded. The 
desirability of fixing some system of nomen- 
clature seems greater than ever and the 
impossibility of satisfying everyone is 
obvious. It is interesting to note that 
both H. B. Smith and Sommerman suggest 
more systematic sets of names. We at- 
tempted this procedure and, in the pref- 
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erential ballot, suggested the same set as 
that now proposed independently by 
Sommerman. The returns, however, did 
not seem to favor such a scheme and only 
the name “nonreactive” met with favor. 

The suggestion that the unit of each of 
these quantities should possess a specific 
name (distortion volt-ampere, etc.) in- 
dicating by an appropriate adjective the 
nature of the quantity of which it was a 
unit, seemed a logical extension of the 
accepted unit ‘‘var’’ for “reactive power.” 
Brylinski was the only critic to object to 
this extension. His objection was un- 
expected because he has been active in 
stimulating the International Electro- 
' technical Commission to introduce the 
var, which is an abbreviation for the French 
expression ‘‘volt ampére réactive.”’ 

Budeanu’s statement to the effect that 
the definitions in their present form are 
not sufficiently explicit as to the algebraic 
sign or direction of active and reactive 
power is well taken and we trust that these 
definitions will be supplemented to meet 
this criticism. 

H. B. Smith and Pratt seem to feel that 
our use of the word ‘‘vector’’ and of the 
geometrical power diagram imply that 
we consider all power quantities to be 
physical vectors. We regret that the 
paper contains this implication and would 
emphasize here that the diagram in 3 di- 
mensions is only a convenient method of 
representing some of the relations among 
the quantities concerned. 

The numerical examples which are pre- 
sented by Lyon, showing the differences 
in the various kinds of apparent power, are 
very interesting and show clearly the con- 
fusion which is to be expected if all of these 
quantities were labeled indiscrimiuately 
“apparent power.” 

The very different point of view of 
Quade in generalizing the definitions of 
these power quantities is very interesting 
and deserving of careful consideration. 
We feel, however, that his concepts differ 
so much from those underlying our de- 
finitions that a comparison of them is 
beyond the scope of this paper. 


Calculations for 
Coreless Induction Furnaces 


Discussion and authors’ closure of a paper by 
H. B. Dwight and M. M. Bagai published in 
the March 1935 issue, pages 312-15, and pre- 
sented for oral discussion at the electro- 
chemistry and electrometallurgy session of the 
summer convention, Ithaca, N. Y., June 28, 
1935. 


R. E. Hellmund (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): A very 
interesting development in connection with 
induction furnaces has been carried on 
recently in Germany. Figure 1 of this 
discussion shows such a furnace. Three 
coils, X, Y, and Z, are fed by 3 phase cur- 
rent and used in connection with a laminated 
iron ring A on the outside of the furnace. 
In this furnace, a rotating field is set up, 
causing a slow rotating motion of the metal 
bath; in addition, however, there are 
strong vertical currents in opposite direc- 
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tions in 3 regions of the bath. Aside from 
the fact that this furnace can be operated 
from line frequency it has, from a metallur- 
gical and process point of view, the advan- 
tage of a larger bath surface with less 
depth, better durability of lining, and sub- 
stantially increased speed of reaction by 
heating the slag to a higher temperature. 
The particular stirring action present en- 
traps and emulsifies a considerable quantity 
of slag very effectively. 

The electromagnetic conditions in such a 
furnace are, of course, quite different from 
those of the type of furnace discussed in 
the paper, and this new development is 
mentioned only for the purpose of emphasiz- 
ing the necessity on the part of the electrical 
engineer to give most careful attention to 
the requirements of the process to be per- 
formed. It is quite evident that this par- 
ticular furnace construction does not lend 
itself very readily to exact calculations on 
account of the complicated path of the 
secondary current, but this is of secondary 
importance if advantages from a process 
point of view can be obtained. These 
remarks are not intended to detract from 
the value of the work given in the paper 
and some of the subsequent discussion, as 
treatments of this nature are of interest 
not only in connection with certain furnaces 
that are in practical use but also with refer- 
ence to a number of other problems met 
with in electrical engineering. 


C. A. Adams (Harvard University, Cam- 
bridge, Mass.): Since the authors point out 
the superiority of their method over that 
method which employs penetration depth 
and the power transformer analogy, it 
may be assumed that they include the 
paper ‘“‘High Frequency Induction Fur- 
naces,’”’ by C. A. Adams, J. C. Hodge, and 
M. H. MacKusick, published in ELECTRICAL 
ENGINEERING for January 1934, pages 194— 
205. 

The merit of any particular method of 
analysis lies in 3 factors: (1) the soundness 
of method and accuracy of result; (2) its 
relative ease of application; and (8) the 
relative simplicity and usefulness of the 
visual picture accompanying or associated 
with the method. 

In problems of design it is also very im- 
portant that the method be such as to ex- 
press as simply and clearly as possible the 
connections between the several variables 
involved and the performance of the result- 
ing structure. 

The method of analysis presented in this 
paper meets none of these specifications. 


Fig. 1. Plan and section through a-b of a 


type of induction electric furnace 
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The formulas as given in this paper are 
practically useless for application to coreless 
induction furnaces because of the complete 
neglect of the ‘‘end effect,” which involves 
an error vastly larger than the difference 
between the 2 methods under discussion. 

As a matter of fact, the authors them- 
selves have proved in the example at the 
end of the paper that the penetration 
formula yields the same secondary re- 
sistance as that obtained by the employ- 
ment of Bessel functions. Unfortunately, 
the same symbol, Resf, is employed for the 
total effective resistance, primary and 
secondary, in the Bessel functions solution, 
as for the secondary resistance only as ob- 
tained by the penetration formula. It 
seems obvious that their reasoning led the 
authors to deceive themselves on this point, 
and may confuse the superficial reader. 

It is thus obvious that for high frequency 
induction furnaces, the error due to the em- 
ployment of the penetration or skin depth 
approximation is absolutely negligible. 
Indeed, it is practically negligible in the case 
of 60 cycle furnaces of commercial sizes. 
This conclusion was reached by the writer 
many years ago after a careful comparison 
of the results obtained by both methods. 

The real problem in the design of coreless 
induction furnaces is a proper evaluation of 
the “end effect.” This evaluation was 
originally made by the writer on the basis of 
the end reluctance of solenoids, taking ac- 
count of the fact that the secondary flux 
linking with the charge current is of much 
lower density than the leakage flux be- 
tween primary and secondary. The co- 
efficients thus obtained on a theoretical 
basis and given in the appendix of his paper 
have been used successfully ever since, in 
the design of numerous induction furnaces 
operating at frequencies varying from 60 
cycles to 2,000 cycles. 

It is, of course, entirely possible to take 
account of the “end effect”? when using the 
Bessel functions method of analysis, but it 
is a much more difficult process and gives 
nothing like as clear a picture of the phe- 
nomenon involved. This was done in a 
very scholarly fashion by Burch and 
Davis (reference 1 of the paper) who 
took account of the boundary conditions 
which were not mentioned by the authors of 
the present paper. 

The fact is that from the scientific point 
of view, the most exact method possible 
involves crude approximations. It is only 
when the problem is reduced to its simple 
elementary forin, by assuming the length 
of the furnace very large as compared 
with its diameter, that the formulas given 


187 


y the authors of this paper yield results of 
ny value; and then it is not a practical 
nduction furnace. 

Referring to the example at the end of the 
paper, the authors compute the power factor 
as 0.098. It happens that the writer has de- 
signed and built several furnaces of ap- 
proximately the same dimensions, for which 
the power factor by calculation as well as 
by experimental test was between 0.11 and 
0.18, depending upon the thickness of the 
lining. The authors’ error is due to the 
complete neglect of the ‘‘end effect.”’ 

To sum up, the authors have presented a 
method of analysis for coreless induction 
furnaces which they claim to be more 
exact than that which employs the skin 
depth approximation. They appear to 
have proved that the effective resistance as 
calculated by the Bessel functions method 
is about 10 per cent larger than that calcu- 
lated by the skin depth approximation, 
whereas their own calculations show that 
the effective secondary resistance is ex- 
actly the same (0.0281) to the third sig- 
nificant figure when calculated by the 2 
methods, which is the only check com- 
parison they made. Moreover, their calcu- 
lation of power factor for a particular case 
is in error by approximately 20 per cent. 


H, Poritsky (nonmember; General Electric 
Company, Schenectady, N. Y.): In this 
paper the authors present anew the Bessel 
function solution for the field and eddy 
currents of an infinitely long solenoid and 
core, and call attention to the power series 
and asymptotic expansions of the Bessel 
functions and to tables of these. The 
concise treatment, along with the examples 
presented, certainly renders this solution 
more accessible to engineers and induction 
furnace designers. 

In the writer’s opinion, however, the 
limitations on the applicability of the solu- 
tion in question to actual furnaces have 
not been stated sufficiently clearly. Thus, 
a furnace is often designed of a height equal 
to the diameter, in which case the end cor- 
rections due to the flux penetration over the 
top and bottom and to the reluctance of the 
return path for the flux become fully as im- 
portant as the discrepancy between the 
simple penetration formula and the Besels 
function solution applying to an infinitely 
long solenoid. In such a case, obviously 
either one is only an approximation. 

It is highly instructive to derive the first 
term of equations 11 to 14 directly by sup- 
posing that the region in which the flux 
penetration is at all appreciable (the depth 
of penetration) is small compared to the 
diameter of the charge so that the curva- 
ture of the cylindrical surface can be neg- 
lected and be replaced by a plane. The 
problem then may be treated by means 
of rectangular co-ordinates, and the solution 
may be found in terms of exponentials. 
For the beginner, this has the advantage of 
avoiding the use of Bessel functions; 
this allows him to concentrate on the physics 
of the phenomena. 

Let the direction normal to the plane 
boundary be taken as the y axis, and the 
direction of the positive current in the 
winding as the z axis, while the x axis 
coincides in direction with the former axis of 
the cylinder. From the former symmetry 
of the field, it will be recognized that all 
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the field components but Hx and EH; vanish, 
and that these are independent of x and z. 
Maxwell’s equations for this case become 
(in practical cgs units) 


VE, 
9 z = 0.494 Ike 

oy 
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and replacing J by XE ( A= conductivity = 
1/p) and B by ywA, 
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Eliminating either E, or Hx shows that 
either one satisfies the equation 


This will be recognized as the equation of 
heat conduction and can be made the basis 
of a useful analogy which would show that 
the flux penetration for the case of a mag- 
netic field whose surface value varies sinu- 
soidally is similar to the temperature pene- 
tration, say into a solid earth as the result of 
periodic variations of surface temperature. 

Suppose, in fact, that at the boundary 
y = 0, Hx has the value 


Hy, = A cos wt 


It is proper to assume that the field 
components everywhere vary sinusoidally, 
though not necessarily in phase with each 
other. Mathematically, it turns out to be 
simplest to replace the boundary condi- 
tion by 


Hy = Ae aty = 0 


and to assume that time enters every- 
where as a factor «J#!, The actual real 
field is obtained by taking the real part of 
the complex solution, and in fact the (com- 
plex) coefficients of «J! yield the familiar 
representation of sinusoidal quantities by 
means of vectors. If the factor «J is 
omitted, the differential equations become 
dE; 


dH. 
= = 0.4r\E, — 
dy dy 
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and eliminating, there is obtained for either 


Ax, or Ez 
au ; 
— = au a? = 7 4rwhy 1079 
dy? 


Since a? is purely imaginary, a can be 
taken along the 45 degree direction 


a=(1+7)6 
B = ~/2rwrul0-® = 2rr/frul0~9 


where f is the frequency. There are ob- 
tained for the solutions linear combinations 
of 


eo), eX 


but imposing the condition that the field 
does not become infinite for y = o, 


Hy, = Ae~% = A «—89 «569 


From this, it may be seen that the amplitude 
decreases exponentially while the phase 
advances uniformly. Defining the depth 
within which the amplitude becomes 1/e 
of its boundary value as the depth of pene- 
tration d, 
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If the radius of the solenoid core is sub- 
stantially greater than d, the results of this 
treatment will apply very nearly. Similar 
solutions obtain for Ez, and for the eddy 
current amplitude Jz. It is found that 


A 
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At y = O the primary current may be 
supposed to be spread over a thin sheet 
of current density 7 per unit x (yet insu- 
lated from the conductor). The magneto- 
motive force relation applied to both sides 
of y = 0 yields 


H,| — | =0.40 i 


0+ 0— 


where the subscripts 0+, O— refer to the 
positive and negative sides of y = 0. 
For an infinitely long solenoid, it may be 
recognized that the field vanishes on the 
outside, the magnetomotive force being con- 
sumed entirely on the inside. Hence, 
Hx|,_ is put equal to zero, and there is 


obtained 


H,| =A = —0A4ni 


O+ 
and substituting above, there is had a com- 
plete expression for the magnetic and elec- 
tric field, 


Ain =a —O4itleme- JD = 


while the eddy current density is given by 
ie Oe mo, 


The quantity a/X = (1 + j) 27 10~%ufp 
is of importance and will be denoted by Z. 
Considering now the total or resultant cur- 
rent for the complete thickness of the con- 
ductor and per unit x, 


S Indy = —ia f e~% dy = -1 
0 y 0 


Thus, the resultant eddy current is equal 
to the primary current but is opposite in 
phase. This conclusion is obvious physi- 
cally from the fact that to shield the bulk of 
the conductor from magnetic field pene- 
tration, a skin current must be developed 
that opposes the primary current. 

Consider next the question of losses. 
While one could obtain this by integrating 
pl* throughout the depth, it is easier to 
utilize the electric field value at y = 0. 
The vector E represents (in volts per centi- 
meter) the induced electric field that the 
primary will have to overcome. The actual 
field existing in the primary is thus Eappi + 
E in volts per centimeter, where LEappt 
refers to the applied field. For simplicity 
suppose there is one turn per centimeter 
and let Rp be the resistance of the primary 
per unit length. Then the primary current 
is given by 
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or replacing E by its value previously found, 


a x 
4Ry = Eappt — 4 — = Eappt — Zi 


oe 


whence 
Eappl = 4 (Rp + Z) 


so that the net effect of the presence of the 
secondary is as if an impedance Z were put 
in series with the primary. 

If there are » turns per unit height, then 
the magnetic field is multiplied by 1x; 
likewise for the electric field. In counting 
the induced electromotive force a further 
multiplication by m is encountered since 
each one of the m turns meets the induced 
field. The equivalent impedance of the 
secondary per unit area is thus 


DA = ard + j) 24/10 %ufp 


The total flux ¢ in the secondary per unit 
length of the coil can be found by integrat- 


ing {wHxdy, and the induced field can 
0 


then also be obtained from 1078 jw@. 

The above treatment of eddy currents 
has been used to advantage in the advanced 
course in engineering of the General Electric 
Company and found to induce a clearer pic- 
ture of the physics of eddy currents than 
the one retained by the students from their 
college courses. 


H. B. Dwight and M.M.Bagai: The discus- 
sion by C. A. Adams deals with 2 separate 
features: first, the use of the penetration 
formula; and second, the ‘‘end effect,”’ 
that is, the change in the results caused by 
assuming that conditions are uniform along 
the axis and therefore that the magnetic 
flux is in straight lines. 

It is stated in the paper, following equa- 
tion 19, that the penetration formula gives 
the resistance with slide rule accuracy for 
ma = 6 or larger. In the example illus- 
trated, ma = 14.1, and the effective re- 
sistance of the secondary is shown to be 
0.0281 by both formulas. Where Reff 
means the resistance of the secondary only, 
it is plainly stated, and there is really no 
reason for even a casual reader to become 
confused in this matter. 

If, due to high resistivity of the charge, 
small diameter, or low frequency, ma is 
less than about 6, the penetration formula 
is inapplicable for calculating the secondary 
resistance. If it is desired to plot the cur- 
rent density or heating density throughout 
the molten charge, as is done in figure 2 of 
the paper, or if it is desired to plot the flux 
density in the charge, the calculation based 
on a certain depth of uniform penetration is 
inapplicable no matter how large ma may 
be. 

Adams does not seem to have given in his 
paper or in his discussion a justification for 
multiplying a uniform flux density by the 
area of the cross section of the furnace, 
when the effects are proportional to the 
perimeter instead of the area of the circle, 
as is well known in connection with high- 
frequency skin-effect problems. 

The use of Bessel functions in electrical 
skin effect problems is practically as 
straightforward as the use of sines and 
cosines, and there should be no reluctance 
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to using them merely because of their sup- 
posed difficulty. 

In connection with the end effect, both 
H. Poritsky and Adams mention the ratio 
of the length to the diameter. The mag- 
netic flux, however, is substantially con- 
fined between the primary and secondary, 
and so the ratio which decides the impor- 
tance of end effect is that of the length to the 
distance between primary and secondary. 
This is a much larger ratio and indicates a 
closer approach to the condition of straight 
line flux. 

A similar condition occurs in power trans- 
formers, where good agreement between 
calculation and test is obtained in com- 
puting reactance by assuming straight line 
flux, that is, neglecting end effect. 

It is not implied that end effect is neg- 
ligible nor as small as in transformers. 
Our paper makes no estimate of how im- 
portant end effect may be. [It is, however, 
proper to discuss the main calculation 
before taking up the corrections. It is to be 
noted that the basis of the calculation in our 
paper is the same in this regard, as that of 
Poritsky’s discussion. If Adams has a 
method of calculation for end effect, it can 
be discussed if and when it is published 
showing how his final results and constants 
were obtained. 

It is probable that the computation of end 
effect in this skin effect problem will re- 
quire some simplifying assumptions, and it 
will be desirable to check the results by 
tests, or to use test results in designing. 
Such tests should not be made on practical 
furnaces because of the great uncertainty in 
the value of resistivity of the molten charge 


- and of the effective resistance of the primary 


winding, composed as it is of large con- 
ductors. A copper model would be better 
for making such tests, and could be con- 
structed as follows: 

A number of heavy copper rings could 
be made, about 8 or 9 inches in diameter and 
of cross section about 5/s inch radially by 
2 inches axially, the joint being carefully 
made so as to have as low resistance as 
possible, preferably making the resistance 
practically uniform around the ring. The 
rings should be machined so as to be true 
circles. If they are placed along the same 
axis and touching each other, they form a 
cylinder which at 60 cycles has the same 
proportions, electrically, as au electric fur- 
nace. The primary can be wound with a 
sufficiently small conductor that it will have 
practically no skin effect at 60 cycles. 
Several primary windings can be made 
easily of different diameters and lengths, 
and in this way the end effect and the agree- 
ment between calculation and test can be 
determined accurately for various ratios of 
length to distance between primary and 
secondary, and for various differences be- 
tween the lengths of primary and secondary. 
The number of sections used to make up the 
secondary can be changed as desired. 

An alternative method of making the 
short-circuited secondary would be to 
wind it of square wire of about 1/2 inch di- 
ameter and then carry one end of the wire 
axially through the coil to be fastened to the 
other end in a long joint of large contact 
surface. 

The calculation for this model will be the 
Bessel function solution for a tubular sec- 
ondary, which has been recently published 
by N. W. McLachlan. This, if expressed 


in series form, has the first part the same 
as the penetration formula. The determi- 
nation of the end effect practically will not be 
influenced by the tubular shape of the 
secondary. 

The number of primary turns can be 
made sufficient so that the voltage will be 
large enough, and the current small enough, 
to be measured with ordinary instruments, 
and thus the usual difficulty of making skin 
effect measurements at 60 cycles will be 
avoided, namely, that of extremely large 
currents and small voltages. 

It is to be noted that the principle of 
similitude is used here to allow the use of a 
model of lower frequency than that of the 
original apparatus. A 60 cycle model is 
proposed instead of a high frequency model 
because the 2 parallel layers of winding 
have capacitance which, unless the fre- 
quency is very low, is likely to interfere 
with the measurement of the effective re- 
sistance and reactance. 

The same model can be used to check 
formulas for skin effect loss in transformer 
windings, and to make this more complete, 
heavy square wire secondaries with 2 or 
more layers in series or in parallel may be 
used. This, in turn, will provide a partial 
check on similar formulas used for genera- 
tors, not all of which are in exact agreement. 


Photoelectric Control of Re- 
sistance Type Metal Heaters 


Discussion and authors’ closure of a paper by 
E. H. Vedder and M. S. Evans published in 
the June 1935 issue, pages 645-50, and pre- 
sented for oral discussion at the electro- 
chemistry and electrometallurgy session of the 
summer convention, Ithaca, N. Y., June 28, 
1935. 


W.R. King (nonmember; General Electric 
Company, Schenectady, N. Y.): This paper 
is very interesting to me because I have done 
a great deal of work on both the theoretical 
and practical aspects of the application of 
photoelectric equipment to temperature 
measurement and control. 

One of the principal theoretical con- 
siderations is, of course, the relation be- 
tween the temperature of the hot body and 
the photoelectric tube response, and I find 
that my data on this relation does not 
check with that of the authors as repre- 
sented in figure 7 of the paper. I find an 
even steeper relation between temperature 
and tube current. In obtaining my data 
I used tubes having a spectral characteristic 
almost identical to that shown by the au- 
thors, and I have obtained an excellent 
correspondence between theoretical cal- 
culations and test results. In my tests, 
however, I used a vacuum photoelectric 
tube operating above saturation, and I 
believe the discrepancy between my data 
and the authors’ figure 7 could be accounted 
for if their data are based on a gas filled 
tube, since the change in voltage drop 
across the series resistor would then tend 
to make the temperature-current curve less 
steep. I should like to have the authors 
comments on this point. 

I note that figure 14 shows a definite 
calibration of the adjustment potentiometer 
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to cause the control unit to operate at differ- 
ent temperatures for various bar sizes, and 
would like to know if some additional ad- 
justment is provided to accommodate tubes 
of different sensitivities within the usual 
manufacturing limits, or if the limits have 
to be narrowed for this particular applica- 
tion. If selected tubes are used, is the 
selection based upon over-all sensitivity or 
upon a combination of over-all and spectral 
sensitivities? 

My experience on the lower limit of oper- 
ating temperature for the photoelectric 
pyrometer agrees very well with that of 
the authors. 

I believe that further emphasis should be 
placed on the fact that the relation between 
temperature and tube response is so steep 
that ordinary variations in tube sensitivity 
will have little effect on the accuracy. For 
example, at temperatures of about 2,000 
degrees Fahrenheit, a 10 per cent change in 
tube sensitivity would produce an error of 
only about 20 degrees Fahrenheit. For a 
vacuum photoelectric tube, a 10 per cent 
change in sensitivity is about the maximum 
that would be expected over a long period. 

The tube circuit used in the control unit 
described by the authors incorporates one 
feature which has been found to be ex- 
tremely important in using grid-controlled 
gas-filled tubes as on-off relays in a-c 
circuits, namely, the leading alternating 
grid voltage component which makes the 
tube start to conduct at an early point in 
the cycle. 

Our experience in attempting to use 3- 
electrode grid-controlled gas-filled tubes 
controlled directly by a high impedance 
photoelectric tube circuit, however, has 
not been so successful. We have found 
that the control characteristics are im- 
paired by the grid current of the gas filled 
tube. This trouble has been largely over- 
come by the development of 4-electrode 
tubes in which the control grid current is 
extremely low, but I would be interested 
in the authors’ comments on this point. 


R. E. Hellmund (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): This paper 
dealing with an electrical process and a 
method of regulating it, should be of interest 
to many industrial engineers other than 
those in the fields of electrochemistry and 
electrometallurgy. As a matter of fact, 
the process involved finds its principal 
application in what is broadly termed the 
“metal working” industries, including, for 
instance, the automobile, structural steel, 
and many others. There are many elec- 
trical processes, such as arc, spot, seam, and 
butt welding; heat treating of metals and 
other materials; drying; and so forth. 
There are also a great many instances in 
industry where the metering and the regu- 
lating of all kinds of electrical and nonelec- 
trical processes can be accomplished by 
electrical means. 

After the motorizing of industry by means 
of the electrical motor had become a matter 
of course, many of us had hoped that these 
electrical processes and the metering and 
regulation of them by means of electrical 
devices would show considerable growth; 
however, the progress on the whole has 
been disappointingly slow, though a few 
items such as are welding have made con- 
siderable headway in the last few years. 
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One of the difficulties apparently is that the 
engineering societies, such as the A.I.E.E., 
have not found the best way to bring the 
various interested parties together or to 
stimulate sufficient interest in these matters. 

This paper and the discussions present 
possibilities and limitations of electrical 
means in a fundamental way as influenced 
both by the characteristics existing in light 
sensitive tubes and by the process to be 
handled. It is only by presenting these 
matters fundamentally and, as has been 
done in the paper, indicating, for instance, 
the limits imposed by the radiating energy 
available and also the limits of the electron 
device, that the application engineer will 
be enabled to attack his problems properly 
and the designers to take steps to broaden 
the working range of their equipment. 
Similar conditions were indicated in con- 
nection with another paper on the coreless 
type induction furnace presented before 
this session. While the paper itself dealt 
with rather intricate electrical problems, 
the brief discussion (p. 187) that I con- 
tributed shows how these problems are 
tied up with metallurgical problems, es- 
pecially those relating to the proper stirring 
of the metal bath. Without the presenta- 
tion of such fundamentals before meetings 
attended by the various groups of interested 
engineers, matters of great importance are 
likely to be overlooked by some of the 
groups, which, of course, will retard progress. 
In further considering this subject of proc- 
esses, it should be realized that many 
processes that have been found advan- 
tageous in one industry can also be used to 
advantage in many other industries if the 


fundamentals involved are brought to the ° 


attention of the various industries. 

All of this indicates not only that this 
entire subject should be actively sponsored, 
but also that it perhaps should be organized 
on a somewhat broader scale and possibly 
handled by a committee whose activities 
embrace all kinds of electrical industrial 
processes (other than motorizing) and elec- 
trical methods of regulating and metering 
processes, rather than by the presentation of 
such material before sections dealing with 
specific industries or specific types of 
processes. : 


E. H. Vedder and M. S. Evans: The data 
presented on the relation between photo- 
electric tube response and temperature of the 
hot body probably differs from that taken 
by W. R. King for the reason he suggests, 
since the authors’ data were taken with a 
gas filled tube. 

The curve shown in figure 14 is given only 
as typical and is not strictly a calibration 
since the setting for a given temperature 
depends on various factors such as the 
radiating ability of the various materials, 
tube sensitivity, initial optical adjustment, 
and maintenance of optical efficiency. 
This device described may be called a photo- 
electric limit switch whose initial adjust- 
ment is made using an optical pyrometer as 
a standard. Thus, tube sensitivity is com- 
pensated for in the initial adjustment, and 
tubes with standard manufacturing toler- 
ances may be used satisfactorily. 

The authors’ experiences with 3-elec- 
trode grid-controlled tubes indicate that 
properly designed tubes of this type oper- 
ate very successfully in circuits having 


grid impedances of 10 megohms or more. 
This experience has been acquired over a 
period of about 3 years using this same type 
of circuit in a variety of photoelectric control 
applications. 


Storage 
Battery Charging 


Discussion and author's closure of a paper by 
J. L. Woodbridge published in the May 
1935 issue, pages 516-25, and presented 
for oral discussion at the electrochemistry 
and electrometallurgy session of the summer 
convention, Ithaca, N. Y., June 28, 1935. 


G. W. Vinal (Bureau of Standards, Wash- 
ington, D. C.): In the opening paragraph 
of this paper, the author mentions the 
chemical reactions in the lead storage bat- 
tery as the subject of some controversy. 
He points out, however, that the “‘double 
sulphate” theory, originally proposed by 
Gladstone and Tribe, is now generally ac- 
cepted. The validity of this theory has 
often been questioned because of disagree- 
ment between the theory and certain experi- 
mental results. If the equation repre- 
senting the theory is true, the passage of 
one faraday of electricity in the direction of 
discharge should result in the consumption 
of one equivalent each of lead and lead 
dioxide and 2 equivalents of sulphuric acid, 
while 2 equivalents each of lead sulphate 
and water are formed. Numerous experi- 
ments to determine the relationship be- 
tween the quantity of electricity passing 
through the cell and the materials formed or 
consumed are recorded in the technical 
literature. Most of these experiments re- 
late to determinations of the number of 
equivalents of acid taking part in the re- 
action. Results previously obtained have 
varied through wide limits, probably be- 
cause of experimental difficulties in deter- 
mining exactly the quantity of electrolyte 
within the cell. 

Within the past year, experiments at the 
National Bureau of Standards have been 
made, employing the “method of mixtures” 
for determining the amount of acid in the 
cell, both at the beginning and end of 
discharge. This method has not been 
previously applied to this particular problem 
so far as the writer is aware. It has many 
advantages for the purpose and has en- 
abled the determination of not only the 
number of equivalents of acid used per 
faraday, but also the number of equivalents 
of water formed. As a result of 9 dis- 
charges, the mean value of the equivalents 
of acid per faraday was found to be 2.02 + 
0.03 as compared with 2.00 equivalents de- 
manded by theory. Since these determina- 
tions were based upon the weight and per- 
centage strength of the electrolyte at both 
the beginning and end of each discharge, 
sufficient data were provided to calculate 
directly the amount of acid consumed and 
water formed as a result of reaction. No 
assumptions regarding the correctness or 
applicability of any theory of chemical re- 
actions in the battery were necessary there- 
fore in computing the number of equiva- 
lents taking part in the reaction. The 
writer knows of no previous attempt to de- 
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termine the amount of water formed by 
the process of discharge nor of calculations 
of the acid consumed which are thus inde- 
pendent of theoretical assumptions. 

The amount of water formed is a small 
part of the change in weight of the elec- 
trolyte and determinations must therefore 
be made with the greatest care, if direct 
calculations of the water are to be suf- 
ficiently precise to be valuable. In the 
course of the work, it was found that 
evaporation from the cell was a serious 
source of error. In the last 4 experiments, 
therefore, precautions were taken to avoid 
evaporation. The mean result of these last 
experiments shows that 1.96 + 0.19 equiva- 
lents of water were formed per faraday as 
compared with 2.00 demanded by the 
theory. The results of this work are there- 
fore entirely consistent with the double sul- 
phate theory. This work has recently been 
published in the Journal of Research of the 
National Bureau of Standards, volume 14, 
1935, pages 449-62. 


R. E. Hellmund (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): The paper 
has discussed in detail certain losses which 
are caused by gassing during the charging of 
a battery as a result of improper control 
of the charging rate. Later on certain ar- 
rangements are given which introduce 
resistors for the purpose of bringing about 
the proper charging rate. The losses in 
these resistors will reduce, if not eliminate, 
any gains made by bringing about the 
proper charging rate. It would be inter- 
esting to know the magnitude of the losses 
caused by such resistors. I am also won- 
dering whether the maintenance of the 
proper charging rate is perhaps not more 
important in connection with obtaining the 
best results in the way of maintenance, at- 
tendance, and battery life than it is from a 
loss point of view. 

Only brief reference is made in the paper 
to applications where the charging is ac- 
complished from an a-c source through a 
rectifying arrangement. In such a case 
there are various possibilities of regulation 
on the a-c side, without any necessity for 
resistance losses. With these a-c arrange- 
ments constant-current characteristics can 
be obtained without much complication 
where desirable. However, in view of the 
conditions indicated in figures 2 and 3 of 
the paper, which indicate definitely the ad- 
vantage of constant voltage charging, it is 
surprising that most of the practical ar- 
rangements for alternating current are de- 
signed for constant-current characteristics. 
As there must be an appreciable number of 
applications where an a-c system is used as 
the charging source, it would be interesting 
to have the author’s comments regarding the 
desirability of designing such equipments for 
constant voltage charging, or perhaps for 2- 
voltage charging, wherever possible. 


J. L. Woodbridge: The investigations 
reported by G. W. Vinal in respect to the 
“double sulphate” theory of the reactions 
in the lead storage battery cell are certainly 
interesting and important, and will un- 
doubtedly serve to settle this long standing 
controversy. 

In reply to R. E. Hellmund’s remarks com- 
paring the losses in the battery due to im- 
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proper charging with those introduced by 
resistors for controlling the charging rate, 
it must be evident that, assuming the same 
voltage at the charging source, any reduc- 
tion in the total ampere hours delivered to 
the battery resulting from improved charge 
control must effect a net reduction in the 
total energy taken from the source. He is 
quite correct, however, in his suggestion 
that the improvement in battery life and 
maintenance resulting from better charging 
conditions is usually more important than 
the saving in energy. 

In respect to installations in which 
the battery is charged from an a-c source 
through a rectifier, it is quite true that in 
many of these cases constant current is em- 
ployed, but usually the rate is so low that 
nothing would be gained by constant volt- 
age control. Even where the charging time 
is limited and higher rates are therefore re- 
quired during the early stages, the 2 step 
method is nearly as satisfactory as constant 
voltage control and usually simpler, es- 
pecially where the charging current is ob- 
tained from an a-c source through a recti- 
fier, and initial overload protection for the 
charging apparatus must be provided. 

Control on the a-c side of the rectifier is 
sometimes employed, with some saving in 
energy, but this saving is often more than 
offset by the added complication of the 
control apparatus required. 

It is also to be noted that in strictly stand- 
by service, while efficiency of the floating or 
trickle charge is important, the effect of 
some departure from ideal conditions in re- 
charging after the usually very infrequent 
emergency discharges is comparatively in- 
significant and should be subordinated to 
simplicity and reliability. 


The Determination of 
Circuit Recovery Rates 


Discussion of a paper by E. W. Boehne pub- 
lished in the May 1935 issue, pages 530-9, 
and presented for oral discussion at the pro- 
tective devices session of the summer conven- 
tion, Ithaca, N. Y., June 26, 1935. 


Joseph Slepian (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): The impor- 
tance of the natural free oscillation of the 
circuit in which a breaker is placed in deter- 
mining breaker performance seems to have 
been first pointed out in my paper “Extinc- 
tion of an A-C Arc” (A.J.E.E. TRANS., v. 
47, 1928, p. 1398-1407). In this paper is 
given the equivalent of figure 1 of the pres- 
ent paper. Also, the circuit recovery rate 
is calculated for laboratory circuits contain- 
ing resistance. In a following paper, ‘“‘Ex- 
tinction of a Long A-C Arc” (A.I.E.E. 
TRANS., v. 49, 1930, p. 421-30) was first 
given the now widely used description of arc 
extinction at current zero as being deter- 
mined by the outcome of a kind of race 
between 2 factors, one tending to reignite 
the arc and described by the voltage re- 
covery characteristic of the circuit, and the 
other opposing are reignition, and de- 
scribed by the rate of recovery of dielectric 
strength of the arc space after current zero. 
In this paper it was stated that the first 
factor could be calculated, in theory at least, 


from the constants of the circuit by well- 
known principles of electrical engineering, 
but the second factor required experimental 
and theoretical research into the nature of 
an a-c arc at current zero, of which a be- 
ginning was made in this and the preceding 
paper. 

The calculation of the first factor by the 
known principles of electrical engineering 
was then gratifyingly carried out by R. H. 
Park and W. F. Skeats (A.I.E.E. Trans., 
v. 50, Mar. 1931, p. 204-38) and further 
refined and verified by the cathode ray 
oscillograph by Poitras and Kuehni, Van 
Sickle, and other investigators both here and 
abroad. The present paper by Boehne is a 
very valuable addition to this literature 
and with the charts given, and the new con- 
cept of recovery impedance, makes the cal- 
culation of the numerical quantity ‘circuit 
recovery rate’”’ quite easy. 

However, the importance of the circuit 
recovery characteristic depends entirely on 
its relation to the dielectric recovery char- 
acteristic of the arc space, and the increased 
knowledge which we now have of this latter 
characteristic in practical circuit breakers 
coming from researches of Westinghouse en- 
gineers, and Kesselring and his associates at 
Siemens-Shuckert, and Mayr and his asso- 
ciates at Allgemeine Elektricitaets Gesell- 
schaft has wholly changed our ideas as to 
what are the important elements in the cir- 
cuit recovery characteristic. We now know 
that the numerical circuit recovery rate. 
given in volts per microsecond is not an im- 
portant quantity, and that with 60 cycle 
current this numerical circuit recovery rate 
may be infinite, and still not impose severe 
duty upon the circuit breaker. With the 
numerical voltage recovery rate reduced to 
unimportance, the recovery impedance of 
Boehne which enables the numerical volt- 
age recovery rate to be calculated easily, 
also loses some of its significance. 

These conclusions follow from the fact 
that for all types of practical 60-cycle a-c 
circuit breakers the dielectric recovery char- 
acteristic of the arc space has been found to 
be of the form shown in figure 1 of this dis- 
cussion. This was shown to be the case for 
short arcs in my papers on arc extinction re- 
ferred to in this discussion. Biermann 
(Elektrotechnische Zeitschrift, v. 50, 1929) 
found such a characteristic for oil breakers. 
T. E. Browne, Jr. (A.I.E.E. TRans., v. 51, 
Mar. 1932, p. 189) gives a similar character- 
istic for an expulsion fuse. D.C. Prince 
and W. F. Skeats (A.J.E.E. Trans., v. 50, 
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June 1931, p. 511, figure 11) give data on oil 
breakers both of the oil blast and ordinary 
type which correspond to this type of char- 
acteristic, as Browne has brought out in his 
discussion (A.I.E.E. Trans., v. 51, Mar. 
1932, p. 193). 
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It is clear that if as in figure 1 of this dis- 
cussion the arc space at current zero already 
has considerable dielectric strength, the 
immediate rate of rise of recovery voltage 
of the circuit is of no consequence. Fur- 
thermore, we see that the gain in dielectric 
strength of the arc space is considerable 
only after a hundred or more microseconds 
after current zero. The strong dependence 
of circuit breaker performance on circuit 
characteristics often observed always re- 
ferred to circuits having recovery times 
differing by several hundred microseconds. 

Whether the circuit recovery rate is 2,500 
volts per microsecond or 5,000 volts per 
microsecond is not important for the circuit 
breaker, but the circuit recovery time, that 
is, whether the maximum circuit voltage is 
reached in 200 microseconds or 100 micro- 
seconds, is important. Furthermore, the 
circuit recovery times are important if they 
are long, but if they are short, their actual 
magnitude does not matter much. Thus, 
from figure 1 of this discussion, if it is short, 
it makes little difference whether the circuit 
time is 20 microseconds, 10 microseconds, or 
even 0 microseconds. 

The universal appearance of a characteris- 
tic of the type of figure 1 in the most varied 
kinds of 60 cycle arcs has led me to believe 
that the arc space begins to develop dielec- 
tric strength several hundred microseconds 
before current zero as indicated by the 
dotted curve in the figure, although in 
oscillograms this dielectric strength is con- 
cealed by a large but rapidly decreasing 
electrical leakage. This view is developed 
in my paper in Elektrotechnik und 
Maschinenbau (v. 51, heft 14-15, 1933, p. 
180) where experimental evidence is given 
supporting it. Kesselring, I believe, also 
independently arrived at this conclusion, 
and in a recent most admirable paper (Kes- 
selring and Koppelmann, Archiv fiir Elec- 
trotechnik, v. 23, heft 1, Jan. 11, 1935) has 
refined and elevated the idea and gives it a 
sound theoretical foundation. 

The race between the circuit recovery 
voltage and the arc space dielectric recovery 
is then not one from scratch, but the arc 
space has a start of several hundred micro- 
seconds. Giving the numerical circuit 
voltage recovery rate will then not deter- 
mine the outcome of this race, but the cir- 
cuit voltage recovery time is a more sig- 
nificant number. 


C. L. Fortescue (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): The recovery 
characteristics of electrical circuits are of 
general interest because they have a bearing 
on the performance not only of circuit break- 
ers but also of fuse interrupters and de- 
ionizing lightning protectors. I consider 
this paper and that by R. C. Van Sickle both 
excellent ones which supplement each other. 
Boehne has approached his subject from the 
theoretical point of view and organized his 
results in a convenient form for general use. 
Van Sickle has attacked the problem more 
from the experimental point of view by 
means of cathode ray oscillograms on cir- 
cuits which had been calibrated as regards 
natural periods, reactance, and capacity. 
He had found that formulas published prior 
to his paper had been of no assistance in cali- 
brating circuits as they did not agree with 
the experimental results. However, I un- 
derstand that he has used Boehne’s and has 
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found that they are in agreement with the 
experimental data. Boehne states that his 
formulas check results obtained on tests of 
the circuit breakers for the Boulder Dam- 
Los Angeles transmission line. Both of 
them indicate what characteristic included 
in the circuit constants will reduce the re- 
covery voltage rate and help the perform- 
ance of the circuit breaker. 

The impression obtained on reading these 
2 papers is the importance of combining 
theory with experiment under controlled 
laboratory conditions. If under such con- 
ditions the calculated results do not agree 
within fair approximation with the experi- 
mental results, the theory can be modified 
until the approximation is satisfactory. In 
this way the theory can be checked under 
diverse circuit conditions and modified until 
it fits all of them. 

I have thought of the problem of recovery 
voltage from a somewhat different angle of 
approach from Boehne. Consider an ideal 
circuit breaker as one having negligible arc 
drop and one in which deionization takes 
place instantly after the current reaches zero 
in one of the terminals, and ignore for the 
time being the capacitative constants of the 
generator and circuit up to the point of 
fault; then when current zero is reached 
after an ungrounded 3 phase purely induc- 
tive fault, if the positive sequence and nega- 
tive sequence impedance of the circuit are 
the same, the system will become phase to 
phase faulted without discontinuity and the 
terminal voltage for this type of fault will 
appear instantly across the cleared contact 
terminals of the circuit breaker. Consider 
next this voltage as impressed at the termi- 
nals of the circuit with the capacitances now 
inciuded, with the result that the voltage that 
will appear across the terminal of the circuit 
breaker will not be instantaneous but will 
build up from zero at a rate which will de- 
pend upon the complete constants of the 
circuit up to the circuit breaker, and the so- 
lution may be obtained by operational cal- 
culus or by the classical method of solution 
of the differential equations. 

In the case of a 3 phase fault to ground 
when the interruption takes place at zero 
current, the resulting currents that are ob- 


tained in the other 2 terminals will not 
necessarily have the right value at that in- 
stant for a double phase-to-ground fault, 
because positive, negative, and zero sequence 
impedance may all be different. It appears 
to me that when the zero, positive, and nega- 
tive sequence reactances are different, to 
obtain the theoretically correct results, the 
use of symmetrical components is indicated, 
but probably for practical work a simple 
compromise can be worked out that would 
be a close enough approximation, and this is 
apparently what Boehne bas done. 


L. V. Bewley (General Electric Co., Pitts- 
field, Mass.): On page 537 of his paper, the 
author mentions the advantage of resistors 
shunting current limiting reactors in re- 
ducing the recovery impedance. Such 
shunt resistors not only reduce the rate of 
rise of the recovery voltage, but also limit 
the magnitude of that rise. It is the object 
of this discussion to show an example of 
what may be realized with a shunt resistor 
in this respect. The theory and design of 
shunt resistors for reactors have been given 
elsewhere (‘‘Shunt Resistors for Reactors” 
by Kierstead, Rorden, and Bewley, A.I.E.E. 
TRANS., v. 49, July 1930; and “Shunt Resis- 
tors for Reactors—II’’ by Kierstead and 
Bewley, Exec. Encc., Mar. 1934). In 
those papers it was shown that a constant 
resistance is out of the question, but that 
“thyrite,’” owing to its nonlinear charac- 
teristic, admirably fulfills the requirements. 
However, on account of its nonlinear char- 
acteristic, circuits involving this material 
usually have to be solved graphically or by a 
step-by-step method; and such is the case 
here. 

Figure 2 of this discussion shows a cur- 
rent-limiting reactor on one of the feeders 
of a 13.8 kv system, the bus of which is 
assumed to be infinite with respect to the 
feeder rating. The breaker is interrupting a 
feeder fault on the feeder side of the reactor. 
The reactor has an inductance of 0.002 
henry and therefore will limit the fault 
current to 10,600 amperes. A _ suitable 
shunt resistor for this reactor would be a 
stack of 10 thyrite disks, each 6 inches in 
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diameter by %/, inch thick, with a volt-am- 
pere characteristic given by 


er = 5800 79-28 


The effective capacitance to ground is taken 
as 0.001 microfarad. Then by equation 1 in 
Boehne’s paper, the superimposed current 

at the instant of interruption is 


t= V2lwt = V2 X 10,600 X 377t = 
5.66 X 108 


This current divides 3 ways: a part iz 
through the reactor, a part tc into the ca- 
pacitor, and a part 77 through the thyrite. 
We then have the incremental equations 


ic = i — (in + in) 


nN apt 
€ = 4%, C 
e=2 Le 
4 At 
AiL Cavg- aR 
ap = >Atyz, 
ip = (er/5,800)3:57 


Herefrom the step-by-step process gives 
the recovery voltage shown in figure 2 of 
this discussion, having a rate of rise of 4,000 
volts per microsecond, and the voltage 
across the breaker limited to normal system 
leg voltage (crest). This latter statement is 
easily verified as follows: a constant voltage 
condition is reached when the current 
through the reactor is increasing at the same 
rate as the superimposed current through 
the breaker, for then there is no further 
change of current in the capacitance or re- 


sistor. This condition is 
di d 2 : 
ie I 5 (\/2lot) = \/2IwL = E (crest) 


Now if there is no thyrite shunt, the recov- 
ery voltage is 


t 
Vr = V/2IwL (1 — cos val = 
11,270 (1 — cos 40.5 £) 


reaching an ultimate value of 2E and arate 
of rise of 5,800 volts per microsecond. 

Thus the addition of the shunt reduces the 
rate of rise by 31 per cent and reduces the 
magnitude of the recovery voltage by 50 
per cent, which are very substantial reduc- 
tions. 


D. C. Prince (General Electric Co., Phila- 
delphia, Pa.): In considering ability to 
calculate accurately voltage recovery rates 
of circuits, it should not be forgotten that 
the problem is definitely in 2 parts: deter- 
mination of circuit constants and calcula- 
tion of recovery rate from circuit constants. 
All inaccuracies other than mistakes in 
arithmetic come under the first. The cal- 
culation may be laborious or very difficult 
where a complicated circuit is involved, but 
it is as exact as we care to make it. 

In determining constants, inaccuracies 
are most likely to arise from simplifying 
assumptions, that is, distributed capaci- 
tance is regarded as lumped, ete. The dis- 
tributed case is not impossible, but is usually 
not worth while. A circuit breaker should 
have an ample margin in handling recovery 
rate. It is, therefore, designed for rela- 
tively high values which are obtained from 
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circuits of lumped reactance and little ca- 
pacitance. A calculation of the 2 principal 
frequencies of a circuit, assuming the neces- 
sary lumping of the constants, is certainly 
sufficient to determine whether duty is se- 
vere and approximately how severe. 

For the moment that is enough and is a 
great help along the way. There has beena 
tendency to look for one per cent accuracy 
where in many places the location of the 
decimal point was not known last year. It 
is hoped that a mass of approximate knowl- 
edge may be obtained from which the accu- 
racy needs of the situation may later be de- 
termined. 


R. C, Van Sickle (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): This paper 
presents useful charts for the calculation of 
circuit voltage recovery characteristics. 
Having spent considerable time calibrating 
laboratory circuits, and having made occa- 
sional attempts to check the experimental 
data mathematically, I appreciate the 
curves and tables which he has prepared and 
published. 

In the paper ‘Breaker Performance 
Studied by Cathode Ray Oscillograms”’ 
[ELec. Encce. (A.1.E.E. TRANS.), Feb. 1935, 
p. 178-84] I presented in figure 2 experi- 
mental data taken to determine the natural 
frequencies of a 13.2 kv high power labora- 
tory circuit, and stated that the data did not 
agree with published formulas. When 
Boehne published his charts I applied them 
to the experimental data and found that 
they gave results consistent with the data. 
The charts for the relative amplitudes of the 
2 components show that the larger ampli- 
tude is associated with the lower frequency 
at both the highest and lowest currents. 
This indicated that the curves fitting the 
experimental data should have been drawn 
with the curve for the lower frequency pass- 
ing through the data for low currents. 
With this change there is an agreement be- 
tween the experimentally determined fre- 
quency curves, the results obtained using 
Boehne’s charts, and the curves obtained 
from the formulas in Report 31 of the 1933 
Conference Internationale des Grands Re- 
seaux Electriques 4 Haute Tension. Report 
831, however, does not contain information 
on the relative amplitudes associated with 
the 2 frequencies and suggests neglecting 
the higher frequency because of its more 
rapid damping. 

For a discussion of the constants to be 
used for various types of faults, Bechne re- 
fers the reader to the paper by Park and 
Skeats. I believe it should be pointed out 
that the formulas given in that paper for the 
high frequency phenomena for the circuits 
corresponding to those discussed by him do 
not give results agreeing with his curves, and 
the approximate methods of proportioning 
the amplitude of the components give re- 
sults which do not approximate those from 
his charts. Since Boehne’s charts give re- 
sults agreeing with the experimental data, 
they probably are based on new assumptions 
or additional refinements. 

The term ‘‘recovery impedance”’ is intro- 
duced and called the accurate criterion for 
comparing one circuit with another inde- 
pendently of the current which is being in- 
terrupted. The reason for this statement is 
not given and is not apparent. The term is 
intended to refer to the ability of a circuit to 


oppose extinction of the arc. Since, for a 
given restored voltage, the breakdown of the 
arc space is dependent upon the rate at 
which voltage would appear across the con- 
tacts, the voltage recovery rate, or its 
equivalent, would appear to be a good cri- 
terion. The recovery impedance, however, 
is not directly proportional to this quantity. 
It is only one of the factors entering into the 
formula for voltage recovery rate, another 
factor being the current. Therefore, for 
circuits of different current values, the re- 
covery impedance would not be proportional 
to the voltage recovery rate. 

Since the constants of the circuit deter- 
mine both the recovery impedance and the 
current, why not determine both factors and 
use the voltage recovery rate? 


Oil Circuit Breaker and 
Voltage Recovery Tests 


Discussion of a paper by E. J. Poitras, H. P. 
Kuehni, and W. F. Skeats published in the 
February 1935 issue, pages 170-8, and pre- 
sented for oral discussion at the protective de- 
vices session of the summer convention, Ithaca, 


N. Y., June 26, 1935. 


H. P. Kuehni: (See discussion, page 195-6). 


D. C. Prince: (See discussion, this page). 


H. P. St. Clair (American Gas and Electric 
Co., New York, N.Y.): Since R. H. Park 
and W. F. Skeats brought out their classic 
paper “Circuit Breaker Recovery Voltages” 
(A.I.E.E. Trans., v, 50, Mar. 1931, p. 
204-38) there have been quite a few inter- 
esting demonstrations of the practical effects 
of this newly discovered factor in circuit 
breaker performance. Probably the first 
field demonstration in which the recovery 
rate theory was tested in a very practical 
way was described in the paper “Oil Circuit 
Breaker Tests—Philo 1930,” by Philip 
Sporn and the writer (A.I.E.E. TRANs., v. 
50, June 1931, p. 498-505) in which a double 
verification was accomplished. First, cal- 
culations of recovery rate were closely 
checked by cathode ray oscillograms, and, 
second, the effect on the circuit breaker was 
proved when a change in the recovery rate 
of the circuit from 270 volts per microsecond 
to 2,400 volts per microsecond results in an 
increase in average arc length of nearly 2 
io) J 

Since that time considerable further prog- 
ress both in presentation of theory and in 
practical field and laboratory tests has been 
made as is shown by recent papers. Incon- 
nection with the Richmond tests described 
in the paper by E. J. Poitras, H. P. Kuehni, 
and W. F. Skeats, the calculation of voltage 
recovery rates was complicated somewhat 
by the layout of the circuits involved, so 
that the agreement with test values was not 
quite as close as it has been in other cases. 
Nevertheless, it was close enough to indi- 
cate the order of magnitude, which after 
all is the important thing in voltage recovery 
rates. Considerable credit is due the au- 
thors of this paper for the ingenious scheme 
which was worked out to record the entire 
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voltage recovery characteristic without 
losing its beginning and in spreading it out 
so effectively on a large scale. As for the 
influence of these comparatively high re- 
covery rates on the performance of the 
breaker under test, the results were prin- 
cipally negative, indicating that the arc 
extinguishing ability of this particular 
breaker was fully adequate for the re- 
covery rates encountered. 


B. E. Hagy (Philadelphia Electric Co., 
Philadelphia, Pa.): The authors state as 
conclusion 4 that the circuit breaker ap- 
pears capable of performing satisfactorily 
under the worst recovery voltage rate con- 
dition to be encountered in the installation. 
It was not considered practicable to make 
a test that would give a calculated short- 
circuit current substantially equal to the 
breaker rating, which was very unfortunate, 
particularly as the short-circuit current 
actually obtained was not nearly so large as 
calculated. The measured short-circuit 
current under the condition of the highest 
rate of recovery voltage rise was about 33.3 
per cent of breaker rating and under the 
lowest rate of rise about 40 per cent of the 
breaker rating. 

Because it was desired to predict the 
values of short-circuit currents for the test 
reasonably closely and to establish definitely 
that the proposed test was sufficiently se- 
vere to yield valuable information concern- 
ing the performance of the breaker, calcu- 
lations were made taking into account all 
the factors which it was known should be 
included. These calculations made it ap- 
pear that a reasonable amount of short- 
circuit current would be interrupted. Also, 
calculations indicated that the recovery 
voltage characteristic was unusually severe, 
and a test under these conditions, therefore, 
would be more valuable from every stand- 
point than would be possible in the manu- 
facturer’s test plant. Analysis of the 
oscillograms, however, shows that the maxi- 
mum current interrupted at any time during 
the tests was only about 60 per cent of the 
calculated values, or a maximum of only 
about 40 per cent of the breaker interrupt- 
ing rating. A review of calculations showed 
no arithmetical errors, a large part of the 
discrepancy apparently being the result of 
generator constants being incorrect, with 
the remainder due to a few miscellaneous 
items, no one alone of which is important 
enough to discuss. 

This situation is discussed in detail be- 
cause it is desired to draw attention to the 
very important fact that the agreement be- 
tween calculated and measured values of 
short-circuit current under the conditions of 
this test is not close enough for practical 
work, even when unusual efforts are made to 
introduce great accuracy into the calcula- 
tions. It would seem that the methods of 
short-circuit current calculation and the 
data used in such calculations, particularly 
when the point investigated is close to the 
terminals of generators with cylindrical 
rotors, must be reviewed further. 

It is probable that the development of 
more rational or more accurate procedure 
and constants for use in this work will indi- 
cate that the interrupting ratings of the 
more important and larger switching equip- 
ment and the mechanical design of bus 
structures in generating stations fixed by 


194 


calculations under present practices have 
been on an unnecessarily conservative and 
expensive basis. 


In connection with the recovery voltage 


calculations, it appears that the agreement 
between calculated and measured figures is 
good when advantage is taken of the effect 
of certain data from the oscillograms which 
apparently could not be determined with 
any degree of accuracy prior to the tests. 
The third column of table II of the paper, 
which is compared with the calculated val- 
ues in the fourth column, includes the effect 
of these corrections. 

It is interesting to note that under the 
higher recovery rates, the breaker inter- 
rupted the circuit at the earliest point at 
which interruption could be expected. 
The result is that the breaker performance 
apparently was unaffected by changes in the 
recovery voltage rate over quite a range, 
although this factor was important in de- 
termining the design. 


Breaker Performance Studied 


by Cathode Ray Oscillograms 


Discussion and author's closure of a paper by 
R. C. Van Sickle published in the February 
1935 issue, pages 178-84, and presented for 
oral discussion at the protective devices ses- 
sion of the summer convention, Ithaca, N. Y., 


June 26, 1935. 
C. L. Fortescue: (See discussion, page 192). 


D.C. Prince: (See discussion, page 193). 


H. P. St. Clair (American Gas and Electric 
Co., New York, N. Y.): The author has 
made a distinct contribution toward the 
clarification and simplification of recovery 
rate theory, and has shown some very in- 
teresting cathode ray oscillograms. It is 
particularly interesting to see the actual 
application of the recovery rate procedure 
worked out by the subcommittee on oil 
circuit breaker testing of the Association of 
Edison Illuminating Companies in co-opera- 
tion with the manufacturers, as described in 
this paper. 

I believe we are particularly indebted to 
the author for the positive demonstra- 
tion of the effect of voltage recovery rate on 
a plain-break breaker, as shown in figure 9 
and in the accompanying description, in 
which, with all other factors approximately 
the same, the breaker failed to clear the 
arc when the recovery rate was high, but 
cleared successfully when the rate was 
lowered somewhat more than half. 

In view of the increased attention being 
focused upon the subject of voltage recovery 
rate and its effects on circuit breaker per- 
formance, as evidenced by recent papers, the 
question may well be asked, what of the 
thousands of breakers already in service on 
every conceivable type of circuit, and pre- 
sumably many of them exposed to severe 
recovery rate conditions? As brought out 
in this paper, and other oil circuit breaker 
tests made in 1930, one of the principal ef- 
fects of a high recovery rate is increased 
are length. From this it is to be expected 


that where high rates exist, particularly a. 
higher voltages such as 33 kv and above, 
longer arc lengths resulting in increased con- 
tact burning and circuit breaker mainte- 
nance may be encountered. In a number 
of cases, as has been pointed out, this has 
actually occurred. It does not seem, how- 
ever, that there is danger of actual circuit 
breaker failure in very many cases, as the 
result of a high recovery rate. Circuit 
breakers have been operating on many cir- 
cuits where high recovery rates exist, or may 
exist under the right conditions, and for the 
most part have been fairly successful. It is 
true that in some cases the worst recovery 
rate can occur only under rather unusual 
system conditions, and that these conditions 
for a given breaker may never have oc- 
curred. One such condition would be the 
operation of the last breaker to clear, of a 
number of circuit breakers on lines con- 
nected to the high tension bus of a generat- 
ing station. 

As quickly as it is practicable and feasible 
to do so, recovery rate surveys might well be 
made on typical systems, and eventually on 
all systems. However, it is not believed 
that anyone should be unduly alarmed over 
the situation and hasten to the conclusion 
that many of his circuit breakers are likely 
to blow up at any time due to excessive and 
previously unknown voltage recovery rates. 
It is well to remember that voltage recovery 
rates have been in existence a long time. 


W. F. Skeats (General Electric Co., Sche- 
nectady, N. Y.): In figure 2 the author shows 
what appears to be a failure of published 
formulas to match experimentally deter- 
mined points. The formula which he has 
quoted from the Park and Skeats paper was 
simplified for application to the particular 
case of a 3 phase fault on an ungrounded 
system by substitution of the relation LZ; = 
2I. As this relation did not hold for the 
present case, the curves quite naturally did 
not fit the points. 

The correct formulas for the general case 
are 


1 (Li - In) Ci + L2C, + 
—4@) Vide) G4 LG? S4EnGe 
DI TACiCs 


(Ly + L2)CQ, + In, — 
Or VL + L2)C, + LoCo]? — 421 1L2C, Ce 
2D, 12C,C, 


Curves corresponding to these formulas are 
shown as full lines in figure 1 of this discus- 
sion, and it will be noted that the agreement 
is reasonably good except for the extreme 
right hand section of the upper curve. The 
reason for the discrepancy at this point may 
lie in the fact that the reactance of bus and 
leads was assumed to be a part of the genera- 
tor reactance, whereas, in this region at 
least, it would be considered more accu- 
rately as a part of the current limiting re- 
actor. 

The Juillard formulas referred to are ob- 
tained by simplifications of the 2 formulas 
given above, which are accurate if there is a 
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wide divergence between the values of L1G, 
and LC, but subject to appreciable error 
where these 2 values are approximately 
equal. 

I hope operators will not be disturbed 
unduly by the voltage surges which Van 
Sickle displays in figures 4and 6. It will be 
remembered that the voltage arising from 
the sudden interruption of a circuit at an 


instantaneous current 2 isequal to iV’, ih cS 
In most field locations, the value of C is 
much higher than in laboratory circuits 


with the result that V L/C,and therefore the 
resulting voltage, may be expected to be 
much lower. 

Regarding recovery rates based on volt- 
age peaks less than 80 per cent of the crest 
value of the normal frequency voltage, with 
some breakers these rates very probably 
would represent correctly the severity of the 
duty imposed on the breaker by the circuit; 
with high arc voltage, however, the high- 
frequency low-amplitude oscillation giving 
rise to these peaks may be completely 
damped out before the voltage curve crosses 
zero and starts to rise in the positive direc- 
tion. In these cases, such oscillations con- 
tribute nothing to the severity of the duty. 
In this situation, in the calibration of testing 
circuits, the conservative procedure is to 
neglect oscillations about which there is any 
question, but in checking a circuit for 
breaker application, the reverse is the case, 
and all oscillations at all likely to affect the 
breaker operation should be included. For 
this reason, while the 80 per cent figure has 
been proposed for testing circuits, a figure 
of 40 per cent is recommended for applica- 
tion purposes. 


H. P. Kuehni (General Electric Co., Sche- 
nectady, N. Y.): Only a few years back there 
was very little confidence in the high volt- 
age cathode ray oscillograph. The intri- 
cate and mysterious circuits, tubes, and 
spark gaps were looked upon with suspicion. 
However, as the years went by those work- 
ing with this instrument day in and day 
out learned to know it quite intimately, and 
today the cathode ray oscillograph com- 
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mands respect and its rightful position in 
the engineering art is well established. 

On account of its practically unlimited 
recording speed the cathode ray oscillo- 
graph is ideally suited to explore electrical 
phenomena of extremely short duration. 
It has rendered ‘invaluable services in the 
study of the following: 

Insulation breakdown characteristics 
Insulation strength in commercial impulse testing 
Effects of lightning on transmission lines and asso- 


ciated equipment, and the development of suitable . 


protective equipment 
Switching surges 


Principles which underly circuit interruption in 
connection with circuit breakers, fuses, contactors, 
and other devices 


Transient phenomena in machines, transformers, 
and other apparatus 


The recovery voltage studies described in 
the recent papers by E. J. Poitras, H. P. 
Kuehni, and W. P. Skeats and by R. C. 
Van Sickle again testify to the value of this 
instrument. A brief description of the 
instrument and methods of recording may 
be of interest. 

The heart of the cathode ray oscillo- 
graph is the fine cathode ray beam which 
originates at the cathode and terminates on 
the photographic film on which it traces its 
path. The cathode ray beam can be de- 
flected by means of an electrostatic field 
(voltage) or a magnetic field (current). 
This type of oscillograph might be compared 
with a ‘‘time microscope” inasmuch as one 
may see by means of it what happened in an 
electrical circuit within a time interval of 
one microsecond. A microsecond is an 
incredibly short time when it is considered 
that a bullet fired by a high powered rifle 
at a speed of 3,000 feet per second requires 
more than 300 microseconds to travel a dis- 
tance of one foot. Mechanically this is a 
high speed. However, electrically a mere 
200,000 cycle electrical oscillation would 
oscillate back and forth fully 60 times while 
the high speed bullet is moving one foot. 

In practice a cathode ray oscillogram with 
a time basis may be obtained in 2 ways, 
namely: 


(a). The cathode ray beam or “electron pencil’’ 
may be made to write the record on a moving photo- 


graphic film. This method is similar to that used 
in the well known magnetic oscillographs. 


(b). The “electron pencil’’ may be made to write 
the record on astationary film. In this case the up- 
and-down motion of the “electron pencil’’ is com- 
bined with a sideway motion similar to that in 
handwriting. 


The original Dufour cathode ray oscillo- 
graph was equipped with a revolving film 
drum located in the vacuum chamber. It 
was driven by means of an external motor. 
The coupling between the film drum and the 
external motor was magnetic through the 
metal wall of the vacuum chamber. The 
revolving film method of recording has many 
attractive features and has given excellent 
results in the study of many problems relat- 
ing to circuit interruption. As in the mag- 
netic oscillograph, the timing is quite sim- 
ple. The recording is started a short time 
before the test circuit interruption and is 
stopped after the interruption is completed. 
During this time the film drum may have 
turned around several times. However, 
even though the lines may have cut through 
each other many times the desired portion 
of the record can easily be picked out in 
most cases. Unfortunately, the speed of 
the film drum is mechanically limited. This 
tends to restrict the use of this method to 
cases where the rate of rise of the recovery 
voltage is only moderately high, as the 
accompanying tabulation shows. Assum- 
ing a film drum diameter of 8 inches and 
that it is desired to spread out the time 
scale of one cycle of an oscillatory wave 1/16 
inch, the following film drum and film speeds 
would be necessary: 


< —= 


Frequency of Time for Necessary Film 
Oscillatory One Cycle, Film Drum Speed, 
Wave, Cycles Micro- Speed, Feet per 
per Second seconds R.P.M. Second 
10,000 100 1,500 52 
20,000 50 3,000 104 
50,000 20 7,500 260 
100,000 10 15,000 520 
200,000 5 30,000 1,040 


It is seen that prohibitive film speeds are 
quickly reached. Therefore, when the re- 
covery voltage rates are high, the revolving 
film’ method of recording cannot be used. 

In the early days, when the cathode ray 
oscillograph expert was confronted with the 
inadequacy of the moving film method for 
high speed recording, all sorts of ingenious 
electrical methods for obtaining a linear 
time axis were devised, and out of this 
pioneer work a high speed technique 
evolved. In the high speed technique of 
today the cathode ray beam is made to move 
in the direction of the time axis either by a 
uniformly increasing magnetic or electro- 
static field while the photographic film is 
held stationary. The rate of change of 
these fields can be adjusted easily by means 
of predetermined electrical circuit constants 
of simple auxiliary timing circuits, and time 
constants of the order of microseconds or 
less are readily obtainable. Hence this 
method lends itself admirably to ultra high 
speed recording. In this, however, the 
proper timing of the initiation of the vari- 
ous circuits with the event to be recorded 
often becomes difficult and a great measure 
of resourcefulness and ingenuity is often re- 
quired to solve a particular problem. It is 
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o know, however, that out of 
_s’ experience in this line of work 

ed an art which will tackle any 
_41 and which is willing to assure a 


probability of success. 


R. E. Hellmund (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): Realization 
of the fact that the rate of rise of the recov- 
ery voltage of circuit breakers is one of the 
important factors influencing the rupturing 
performance has naturally resulted in at- 
tempts to take into consideration factors 
relating to the rate of rise in the standardiza- 
tion of breakers. The author’s present and 
also previous papers, as well as papers by 
other authors, are very valuable contribu- 
tions toward accomplishing this, but they 
indicate that standardization at this time 
may be premature because of the practical 
limitations imposed by the still limited 
knowledge of the phenomena involved and 
by the available testing facilities. 

This was brought home to me rather 
forcibly when I participated last fall in the 
first attempts to bring about international 
standardization of the rupturing capacities 
of breakers during the International Elec- 
trotechnical Commission meeting held in 
Prague. While the material contributed 
by Van Sickle and others in this country is 
limited to oil breakers of the conventional 
type and oil breakers with special deioniz- 
ing means, it furnishes plenty of evidence of 
a great variety of conditions encountered 
during the process of rupturing. My dis- 
cussions in Europe brought out the fact 
that an even greater variety of conditions 
are met with over there. As is well known 
there are many new types of breakers on the 
European market, including the conven- 
tional oil breaker, oil breakers with various 
deionizing means, a great many breakers 
using liquids other than oil, and, finally, cer- 
tain air-blast breakers. It was evident not 
only that the rupturing phenomena of these 
breakers influenced in different ways the 
rate of rise as it actually occurred, but also 
that the different types of breakers were 
sensitive to a different degree to the various 
factors entering into the rupturing phe- 
nomena, such as, for instance, rate of rise of 
recovery voltage, maximum recovery volt- 
age obtained, recovery value of the funda- 
mental voltage wave, asymmetry of cur- 
rent, and so forth. It was noted that the 
performance of some of these breakers over 
certain ranges was little influenced by the 
rate of rise of the recovery voltage but very 
sensitive to the amplitude of the funda- 
mental recovery wave, while with others 
just the reverse was true. This, of course, 
is to be expected. 

Consider, for example, certain breakers 
that have slightly conducting liquids and 
contacts that leave the liquid during inter- 
ruption. In a breaker of this kind, cur- 
rent can continue to flow even after de- 
ionization around the lower contact has 
taken place. Even though such currents 
are small, they may appreciably influence 
the entire phenomenon, perhaps even more 
so than the charging current discussed in 
this paper and illustrated in figures 9 and 10. 

Because of the greater variety of condi- 
tions encountered in international stand- 
ardization, both with reference to types of 
breakers and to system and test plant re- 
quirements to be met, it soon became ap- 
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parent that any standardization with regard 
to the rate of rise of the recovery voltage 
would be futile at this time and until many 
more data are available. Although this was 
generally conceded early during the dis- 
cussion, great difficulties were subsequently 
encountered in connection with the stand- 
ardization and definition of other factors, 
such as rupturing current, value of funda- 
mental recovery voltage, and so forth, on 
account of the greater variety of conditions 
to be met and the natural tendency of the 
various parties to emphasize those factors 
found to present the greatest difficulties 
under their particular conditions. 

All of this of course indicates that there is 
need for carrying on intensive investigations, 
and also that a good deal of caution should 
be exercised in adopting final rules for 
standardization. 


R. C. Van Sickle: In his discussion, W. F. 
Skeats has emphasized a point that was il- 
lustrated in the paper, namely, that the pre- 
viously published formulas for the natural 
frequencies of the circuits were not general 
formulas and that they contained simplifica- 
tions and had limitations in their applica- 
tions. 

The voltage surges shown in figures 4 and 
6 of the paper were determined not only by 
the values of 7, ZL, and C, but also by the de- 
sign of the breaker. The voltage e = 


tV L/C is the voltage which occurs if the 
arc does not restrike. In the cases shown 
in this paper this value of voltage was 
higher than the dielectric strength of the 
gap, and the voltage given by the formula 
was not reached until the end of the half 
cycle when it had decreased with the cur- 
rent, so that it no longer exceeded the di- 
electric strength of the gap. Increasing C 
reduces the voltage which can be reached 
and also increases the time for the dielectric 
strength of the gap to build up, but until the 
dielectric strength of the gap exceeds the 
voltage surge, it does not reduce the actual 
voltage peak. 

The oscillograms, figures 4 and 6, were 
made on tests with breakers having ability 
to interrupt voltages several times the test 
voltage. 


Circuit Breakers for 


Boulder Dam Line 


Discussion of a paper by D. C. Prince pub- 
lished in the April 1935 issue, pages 366-72, 
and presented for oral discussion at the pro- 
tective devices session of the summer conven- 


tion, Ithaca, N. Y., June 26, 1935. 


Joseph Slepian (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): The author 
and his associates are to be highly congratu- 
lated on the successful development of the 
breaker described in this paper, and the 
excellent performance which it has given in 
high power laboratory tests. Without im- 
pugning this performance, however, I must 
continue to take issue with the proposed 
theory of operation, which seems to me to be 
untenable, and even incapable of accurate 
statement in well defined terms. Corre- 


sponding to the list of papers quoted at the 
end of the paper which purport to support 
and prove the theory, may I refer to my 
published discussions and that of T. E. 
Browne (A.IJ.E.E. TRANS., v. 51, 1932, p. 
192-3). 

The theory given by Prince makes arc 
extinction depend entirely on the velocity 
of the oil exceeding a numerical factor, de- 
pendent on the dielectric properties of the 
oil and the recovery voltage rise rate of the 
circuit, and independent of the magnitude of 
current, arc length, and voltage of the cir- 
cuit. This last is certainly an extraordinary 
and bold prediction of the theory, but in 
complete contradiction with experimental 
results. 

The author does not state just where in 
the oil the determining velocity (equation 
1 of this paper) is to be observed or meas- 
ured. This difficulty seems to be evaded by 
giving a relation between velocity and pres- 
sure (equation 2). This equation is a spe- 
cial case of Bernouilli’s equation, well known 
in hydrodynamics. 

Equation 2 as given, and if applicable, 
would give the velocity in the oil at a point 
where the pressure is zero, in terms of the 
pressure at a point where the velocity is 
zero. ‘The pressure is zero, however, only 
at the free surface of the oil above the ports, 
and it is here that the velocity given by 
equation 2, if applicable, exists. At the 
contacts, and at the under side of the ports, 
the pressure is very much greater than zero, 
and, therefore, the velocity at these points 
should be very much less according to 
Bernouilli’s equation, if it is applicable. 
But it is certainly at these points, and not at 
the free surface of the oil, that the significant 
oil velocity of the oil blast theory must 
occur. Hence, the supposed check which 
figure 3 gives of equations 1 and 2 really 
disproves the oil blast theory. or proves the 
inapplicability of equation 2 or more likely 
both, and indicates that the data of figure 3 
are insufficient in number, and probably also 
poorly chosen. 

However, we know that equation 2 is 
inapplicable on purely hydrodynamical 
grounds. This equation holds only for 
steady state motion of fluids, and only if 
fluid friction effects are negligible. Neither 
of these conditions obtain in this breaker, 
however. The oil is being accelerated and 
decelerated as shown in figure 10, where 
there is no proportionality whatsoever be- 
tween the square of the piston velocity and 
piston pressure. Equation 2 is certainly 
not applying. We also see that there is no 
steady state, from the fluctuating relation- 
ship between piston pressure and tube pres- 
sure shown in figure 10. At the last current 
zero the piston pressure is 65 pounds per 
square inch while the tube pressure is 85 
pounds per square inch. In figure 9, the 
piston pressure at interruption is 80 pounds 
per square inch and the tube pressure is 
110 pounds per square inch. Which of 
these 2 pressures did the author use in 
figures 3 and 5, and why? 

Equation 2 is inapplicable also because of 
fluid friction effects. The largeness of the 
tube pressure in comparison with the piston 
pressure indicates that most of the drop of 
pressure takes place through the ports, and 
with a large difference of pressure between 
the 2 sides of a port, the oil in the port must 
continually accelerate to greater and greater 
velocities, or else the pressure is consumed in 
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overcoming the frictional resistance oppos- 
ing the driving of so large a volume of oil 
rapidly through so small an opening. The 
latter alternative is undoubtedly the correct 
one, but in either case equation 2 is not 
applicable. 

These remarks have a direct bearing on 
the question of extrapolation of test results 
given in the appendix. If the oil blast 
theory of the author, which makes extinc- 
tion independent of current strength and 
circuit voltage magnitude, is not accepted, 
then clearly the manner of extrapolation of 
test results given in the appendix is not 
justified. 

Would the author explain a little more 
clearly the meaning of the statement that 
the oil exposed to arcing is only one per cent 
of that exposed in the equivalent conven- 
tional breaker? Surely he does not mean 
that all the oil in a circuit breaker is under- 
going deterioration during the period of arc- 
ing, and actually it would seem on the con- 
trary that a large volume of oil by acting as 
a diluent upon the oil actually deteriorated 
would be an advantage rather than a disad- 
vantage. 

It is stated in the paper that figure 10 is 
redrawn from figure 9, but the data in the 
2 figures are widely different, so that a mis- 
take must have been made. Could a cor- 
rectly corresponding pair of figures be sub- 
stituted for these in the closing discussion? 


H. P. St. Clair (American Gas and Electric 
Co., New York, N. Y.): This paper seems 
to mark a rather significant step forward 
when voltage recovery rate can be taken 
into account quantitatively in the design of 
the circuit breaker. Whether or not the 
rigid relationship between recovery rate, oil 
velocity, and dielectric strength of oii, as 
set forth in this paper, can be substantiated 
in every case, for this particular breaker at 
least the performance seems to bear out the 
theory very well. 


W. M. Leeds (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): Data presented in 
this and previous papers indicate the effec- 
tiveness of a properly controlled oil blast for 
interrupting high voltage a-c arcs. The 
quantitative prediction of the interrupting 
performance of an oil blast breaker, how- 
ever, seems to require definite knowledge of 
the rate of growth of an oil film at the points 
of interruption following a current zero. 
Apparently it is assumed without definite 
supporting data that this rate corresponds 
closely to the average velocity of the oil 
through the ports. .It might be expected 
that the formation of an oil film would be 
affected both by the size of the gas bubble 

‘ prior to current zero, and by the degree of 
streamlining of the contacts in the direction 
of oil motion. 

Figures 3 and 5 of the paper show the 
limiting rate of rise of recovery voltage 
plotted as a function of the oil pressure. 
However, the proportionality between oil 
velocity and oil pressure, indicated by equa- 
tion 2, does not appear to hold over a wide 
range of interrupted currents. Figure 10 
shows that, during the interruption of only 
800 amperes, the piston velocity dropped 
from a maximum of 7.8 feet per second just 
before the contacts parted to 5.3 feet per 
second at the instant of interruption. It 
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might be expected that this effect of slowing 
down the piston would be even more pro- 
nounced when interrupting short circuits 
of several thousand amperes. 

Since the full piston pressure used in in- 
terrupting high currents is also available 
at the light currents, will not currents of, 
say, 50 to 100 amperes tend to be interrupted 
before the natural current zero, and thus 
cause overvoltage surges on the system? 

In figure 6 the oil level as shown is not 
high enough to completely fill the moulded 
composition insulating tube with oil. Were 
the high potential insulation tests made 
with this surface exposed to the air? 

The oil blast theory indicates that the 
limit in voltage interrupting ability for a 
given oil pressure is dependent only on the 
rate of rise of recovery voltage, as illus- 
trated by the separation of crosses and 
circles in figure 3. Can it therefore be as- 
sumed that the test breaker was operating 
as close to its limit at 66 kv on test No. 100 
as it was on test No. 105 at 110 kv, when it 
failed to interrupt for several current zeros 
at the same sate of recovery voltage rise? 
Even taking into account a decrease in the 
surge dielectric strength of oil with increas- 
ing time of application, some other limiting 
factor than the rate of rise of recovery volt- 
age may be indicated. 

The discussion on extrapolation of test 
results brings up a number of interesting 
points. Since figure 4 shows that the maxi- 
mum voltage which one break may be 
called upon to interrupt under the worst 
field conditions is 44 kv, it would seem that 
the most convincing verification of the 
breaker rating would be the interruption of 
the rated short-circuit current at 44 kv 
across a single break, i.e., test number 21 
across one break only. 

Following the line of reasoning in the ap- 
pendix, if the arc interrupting function ac- 
tually is not modified at heavy currents, 
i. e., the oil velocity remains the same, it 
might be concluded from the test data sub- 
mitted that one break could interrupt 9,300 
amperes at 110,000 volts, representing short- 
circuit interrupting duty to the astounding 
total of 11,590,000 kva on a 720,000 volt 
systein. 


Fault and Out-of-Step 
Protection of Lines 


Discussion and authors’ closure of a paper by 
H. D. Braley and J. L. Harvey published in the 
February 1935 issue, pages 189-200, and 
presented for oral discussion at the protective 
devices session of the summer convention, 


Ithaca, N. ¥., June 26, 1935. 


J. H. Neher (Philadelphia Electric Co., 
Philadelphia, Pa.): The authors are to be 
congratulated on their clear-cut analysis and 
solution of what is rapidly becoming the 
most difficult problem with which a relay 
engineer must contend, that is, the relaying 
of a system which is or is about to go out of 
step. While the authors have apparently 
solved their particular problem by the ap- 
plication of existing relay types after a 
thorough study of the prevailing conditions, 
nevertheless it seems that this type of prob- 
lem calls for the development of a relay 


which will inherently indicate that an out-of- 
step condition exists. Fundamentally, it 
would be better to arrange the fault protec- 
tive system to be inoperative under surging 
conditions and then to break the system at 
the desired point by the out-of-step relay. 

While several relay combinations are now 
in use which are designed to detect out-of- 
step conditions, they are open to the objec- 
tion that they have difficulty in distinguish- 
ing between normal swings and an actual 
out-of-step condition. I believe that the 
development of such a relay which, as the 
authors suggest, would operate on the 
first swing which passes through an angle 
in excess of 180 degrees is a matter of rather 
urgent necessity. 


W. L. Vest, Jr. (Western Massachusetts 
Companies, Springfield): Relay and protec- 
tion engineers should be gratified to find that 
extensive studies to provide adequate and 
fast relays now greatly influence the design 
of important transmission lines. The Fif- 
teen Miie Falls lines and the Boulder Dam 
lines are other similar recent examples. 
The factors of dependable fast relays and 
high speed oil circuit breakers, together with 
the necessary stability studies, determine 
the number and voltage of lines, and the 
load that may be carried safely by them. 
In analyzing the requirements of the pro- 
tective scheme, and the reasons for selecting 
the carrier-current controlled type of relay 
protection as described in this paper, it is 
interesting to note the diversified factors en- 
tering into the decision, as compared with 
other installations of the same type of 


equipment. 
The curves shown in figures 3 and 4 are of 
considerable interest. This method of 


plotting fault currents should be of consider- 
able aid to others in similar problems, par- 
ticularly in the study of inductive coupling 
between power companies and communica- 
tion companies. The authors state that the 
data on faults from one phase to ground, 
shown in figure 4, were used in a study of the 
inductive coupling between the transmission 
lines and nearby communication circuits. 
Was this a contributing reason for deciding 
against the use of metallic circuits, leased 
from the communication companies, for the 
pilot channel? It would be interesting if 
the authors were to give further information 
on this subject. 

In comparing the difficulties experienced 
in this system with the troubles on our sys- 
tem of relays (“A Carrier Current Relay 
Installation,’ O. A. Browne and W. L. 
Vest, Jr., January 1985 ELecrricaL ENGI- 
NEERING, p. 109-15) extremely cold weather 
was a contributing cause of trouble in both 
installations. In the present case the ca- 
pacitors in the line traps were affected and 
were changed, while on our system, the line 
characteristics for the successful transmis- 
sion of the carrier signal shifted sufficiently 
so that the signals were not received at all 
stations. In connection with the line traps, 
it would be helpful to know if the small spark 
gaps ever have been inspected, and if any 
evidence of flashover was noted. 

Since the paper referred to was presented, 
minor difficulty has occurred with some of 
the line coupling capacitors, which were in 
service about a year previous to the installa- 
tion of our relays. This trouble was caused 
by the inner plate of the capacitor, which 
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consists of a sprayed coating of copper plat- 
ing. With time, this coating cracked up 
into an infinitesimal number of small 
pieces of copper, each insulated from the 
other. A coat of conducting paint applied 
to the inner plate has temporarily recon- 
nected these copper particles into a continu- 
ous metallic surface. It would be of interest 
to know if similar difficulty has occurred on 
the installation described by Braley and 
Harvey. 

The carrier current transmitter and re- 
ceiver is constructed for operation between 
50 and 150 kilocycles. Was there any par- 
ticular band in that range which was used, 
or could the frequency of any line section be 
arbitrarily assigned? For example, on our 
system, the frequency band 90-120 kilo- 
cycles gave the most desirable results. 


E. H. Bancker (General Electric Company, 
Schenectady, N. Y.): It has been common to 
study the action of relays during faults and 
also the behavior of systems after faults. 
The study described in this paper extends 
the analysis to include the effect upon re- 
lays of the system behavior following the 
clearing of a fault. The complete and com- 
prehensive study made substantiates the 
authors’ conclusions and demonstrates the 
necessity for either making such studies or 
choosing relay systems that are not suscep- 
tible to tripping during oscillating condi- 
tions. 

The wisdom of choosing carrier pilot re- 
laying appears to be thoroughly confirmed 
by the results thus far attained—‘“‘no incor- 
rect operations.’ Of even greater interest 
to those of us who had faith in the applica- 
bility of carrier current to relay practice is 
the careful record kept of carrier reliability. 
As the carrier equipment itself was the one 
unfamiliar and unknown factor in carrier 
pilot relaying, it would naturally be the 
object of some concern. A spirit of caution 
and a determination to anticipate possible 
troubles, coupled with the ease of testing, 
led to the adoption of an hourly carrier 
transmission test. Supplementing these 
are the monthly tube tests to weed out tubes 
before failure. The information given in 
table II is a complete verification of our 
hopes and expectations as to reliability. 
In the 151!/, months covered there were 
about 90,000 hourly tests, of which only 9 
failed to operate the receiver relay. Put in 
other words, this means the equipments 
were unavailable for use only one hour out of 
10,000 or were capable of functioning if 
called upon to do so 99.99 per cent of the 
time. It should be recalled that the only 
result of a carrier failure is the unnecessary 
opening of a breaker for faults in the vicin- 
ity of, but external to, the line in question. 
A carrier failure causes nothing to trip 
unless undetected before the next external 
fault, neither does it prevent tripping for 
faults in the line. This amazing record of 
correct operation should dispel any doubts 
or fears of the reliability of the carrier part 
of the equipment. 

The operating experience shows relatively 
few unforeseen troubles, and these were 
readily corrected both in the field and in the 
design of any future equipments. Among 
the conclusions the authors state that there 
is room for improvement in operating time. 
From the oscillogram in figure 9 it is appa- 
rent that there is a margin of 3.5 cycles be- 
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tween the time of blocking and the closing 
of the trip contacts. It is entirely possible 
to reduce this to one cycle and secure 3 
cycle tripping. A still further increase in 
speed has been made possible by using faster 
directional relays that make a tripping time 
of 2 cycles entirely feasible for almost all 
short circuits. It would seem as though 
this should be fast enough for all practical 
purposes. 


Giuseppe Calabrese (The New York Edison 
Co., Inc., New York): In regard to the out- 
of-step protection, the circumstances which 
made its use possible and its limitations 
should be clearly understood. For this pur- 
pose it should be recalled first that the relay 
used as part of the carrier current protection 
is a directional relay provided with a voltage 
restraining element. The restraining cir- 
cuit is controlled by instantaneous overcur- 
rent relays, as shown schematically in figure 
8 of the paper. The relay will, therefore, 
close its tripping contacts when the line 
current is sufficiently large and within the 
tripping range of the relay; that is, it either 
leads the phase voltage, at the relay location, 
by not more than an angle 6’, or lags it by 
not more than 6” degrees, as shown in figure 
1 of this discussion. 

During out-of-step conditions, the angle 
between the internal voltages of the 2 sys- 
tems varies continuously, taking all values 
between zero, 180, and 360 degrees. The 
angle between the phase voltage at any 
point and the line current varies also. 

The performance of the relays at the 2 
ends of any protected section is, therefore, 
dependent upon the angle @ between the 2 
systems and may be calculated as a by- 
product of the stability study of the inter- 
connection. However, the principles in- 
volved and the limitations of the method of 
out-of-step protection used perhaps may be 
understood better by analyzing the effect, 
on the performance of the relays, of their 
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OF THE RELAY 
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Diagram illustrating tripping range of 
relay 
E—Phase to neutral voltage at relay location 
|—Line current as viewed by relay 


relative location with respect to the reac- 
tance center in the simple case of 2 systems 
G; and G2, generating voltages Ei, and E, of 
equal magnitude and tied together by means 
of a wholly reactive line. 

Let us assume first that the 2 relays are 
both on the same side of the reactance cen- 
ter, as shown in figure 2 of this discussion. 
Relay a protects in the direction from G, to 
G, and its range (figure 1) extends from 69’ 
leading, to 0g” lagging degrees (6a’ + 09” = 


180 degrees). Relay 6 protects in the direc- 
tion from G; to G,; and its range extends from 
6p’ leading to 0y” lagging degrees (60’ + 
6p", = 180 degrees). The values 6a’, 6a”, 
6,’ and 69” are chosen usually to obtain 
maximum torque during short circuits. 

While 6 increases from zero to 180 degrees 
(power flowing from G; to Gz), relay a will 
“view” the line current in the fourth quad- 
rant, that is, at a lagging angle 0c, increasing 
from zero (when the 2 systems are in phase) 
to 90 degrees (when the 2 systems are 
180 degrees out of phase). 

Relay b will view the same current in the 
second quadrant, that is, at a leading angle 
of 180 — 6 degrees, decreasing from 180 
degrees (when the 2 systems are in phase) to 
90 degrees (when the 2 systems are 180 
degrees out of phase). 

If the tripping ranges of the 2 relays are 
such that 6a’ < 90 degrees atid 05’ S 90 
degrees, the 2 relays will never be in the 
tripping range simultaneously while @ 


I 
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Fig. 2. Wector relations with relays on same 
side of reactance center 


increases from zero to 180 degrees. If, 
however, 0a’ S 90 degrees and 90 degrees < 
6p’ < 180 degrees, the 2 relays may both be 
in the tripping range simultaneously, the 
chances for this to happen increasing as 0’ 
is decreased and 6p’ increased. 

While 6 increases from 180 to 360 degrees 
(power flowing from Gz to G;) 0¢ and 6% in- 
crease from 90 degrees to 180 degrees. Re- 
lay a will view the line current in the third 
quadrant, that is, at a lagging angle increas- 
ing from 90 degrees (when the 2 systems are 
180 degrees out of phase) to 180 degree 
(when the 2 systems are again in phase). 
Relay 6 will view the same current in the 
first quadrant, that is, at a leading angle of 
180 — 6 degrees decreasing from 90 degrees 
(when the 2 systems are 180 degrees out of 
phase) to zero (when the 2 systems are again 
in phase). Both relays may be in the trip- 
ping range simultaneously, and the chances 
for this to happen increase as 6g’ is decreased 
and 6p’ increased. 

Thus it may be seen that if the 2 relays, 
at the ends of the protected section, are 
both on the same side of the reactance cen- 
ter, and it is desired that they should trip 
during out-of-step conditions, the relay 
nearer to the reactance center (relay b of 
figure 2) should be given a range with as 
large a leading angle 6p’, and the relay fur- 
ther away from the reactance center (relay 
a of figure 2) a range with as small a leading 
angle 0a’ as possible, compatibly with cor- 
rect tripping during faults and with the 
prevention of false trippings during swings. 

The reverse is true if tripping of the sec- 
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Fig. 3. 


Vector relations with relays on oppo- 
site sides of reactance center 


tion during out-of-step conditions is to be 
avoided. 

Consider now the case when the 2 relays 
are on opposite sides of the reactance center 
as shown in figure 3 of this discussion. 
Relay a will view the line current as in the 
case of figure 2. As to relay b, while @ in- 
creases from zero to 180 degrees, it will view 
the line current in the third quadrant at a 
lagging angle 180 — 6% degrees, decreasing 
from 180 degrees (when the 2 systems are 
in phase) to 90 degrees (when the 2 systems 
are 180 degrees out of phase). 

While 6 increases from 180 to 360 degrees, 
6, increases from 90 to 180 degrees, and thus 
relay 6 will view the line current in the 
fourth quadrant at a lagging angle (180 — 
6» degrees), decreasing from 90 degrees 
(when the 2 systems are 180 degrees out of 
phase) to zero (when the 2 systems are 
again in phase). 

It may be seen easily that in this case, if 
it is desired that the relays should trip 
during out-of-step conditions, they should 
be given ranges with as small a leading angle 
as possible, that is, 0,’ and 6»’ should be as 
small as feasible, compatible with the pre- 
vention of false trippings during swings and 
with correct tripping during faults. If, 
however, tripping of the relays during out- 
of-step conditions is to be avoided, 9a’ and 
6p’ should be as large as possible, compatible 
with correct tripping during faults. 

For a more complete analysis, the varia- 
tions of 6¢ and 63 with time should be taken 
into consideration. However, from the pre- 
ceding it is apparent that the performance of 
the telays during out-of-step conditions 
depends not only on their relative location 
with respect to the reactance center but on 
their electrical distance from it as well. 

The requirements as to the tripping range 
of relay b, when the 2 relays are on the same 
side of the reactance center (figure 2) are 
opposite to the requirements when they are 
one on each side of the reactance center 
(figure 3). 

When, as the result of operating changes, 
both conditions are possible, the relays can 
be adjusted only for the prevailing condi- 
tion. The New York Edison Company 
found that, with the exception of unusual 
operating conditions, the reactance center 
falls between Millwood and Pleasant Valley. 
As it was desired to clear the Pleasant Val- 
ley-Millwood section during out-of-step 
conditions, the angle 6’ (figure 1) for the 
relays at Millwood and Pleasant Valley was 
chosen so as to make this possible, leaving 
at the same time, a margin of safety of 15 
degrees at both stations to prevent incor- 
rect trippings during swings. On this basis 
the angle 0’ for the Pleasant Valley relay 
was made equal to 40 degrees and that for 
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the Millwood relay was made equal to 56 
degrees, as shown in figure 10 of the paper. 

On the Millwood-Dunwoodie section the 
prevailing condition is the one with the 2 
relays on the same side of the reactance 
center (figure 2). For reasons given in the 
body of the paper, tripping of this section 
during out-of-step conditions was to be 
avoided. Therefore, the angle 6’ (figure 1) 
for the relays at the 2 ends of this section 
was made as large as possible (75 degrees as 
shown in figure 11 of the paper) compatible 
with correct tripping during faults. 

From figure 11 of the paper and from the 
preceding discussion it would appear that 
decreasing the angle 6’ for the Millwood re- 
lay would have further aided in preventing 
the tripping of the Dunwoodie-Millwood 
section during out-of-step conditions. 
However, this refinement was made un- 
necessary by the time delay in resetting, 
with which the relays at both Millwood and 
Dunwoodie were provided. 
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H. D. Braley and J. L. Harvey: The authors 
desire to express their appreciation of the 
many helpful and constructive comments on 
this paper. It is through such impartial 
discussion that the weaknesses of past de- 
velopments are brought out clearly and 
new avenues of approach for further re- 
quirements and new developments are fos- 
tered and brought to fulfillment. 

In answer to the discussion by W. L. 
Vest, Jr., the one-line-to-ground fault data 
given in figure 4 of the paper were princi- 
paily for determining the relay require- 
ments and inductive co-ordination studies, 
and had no bearing on the choice of the 
pilot channel for carrier purposes. The 
choice of the power line itself for the pilot 
channel in preference to metallic com- 
munication circuits was based principally 
on reliability considerations. 

The line traps have not been inspected 
at periodic intervals although it is now 
planned to follow this practice in the future. 
The protective spark gap terminals in one 
trap were badly burnt, thereby increasing 
the effective length of gap to several times 
its original setting, but this did not inter- 
fere with signal transmission. This con- 
dition was discovered on an examination 
made subsequent to several severe lightning 
storms and it is assumed that the damage 
occurred as a result of lightning. Inter- 
mittent trouble with failure to receive car- 
rier signals on another section of line lead 
to an inspection of the line traps which dis- 
closed a defective capacitor. Thus far no 
difficulty has been experienced with disin- 
tegration of the metallic coating on the line 
coupling capacitors. 

Frequency bands within the range of 100 
to 130 kilocycles were found to give the 
most desirable results for this line. 

J. H. Neher has emphasized the need for 
an out-of-step relay which would be gener- 
ally applicable for pilot wire or carrier 
current ‘control protective schemes. As 
pointed out in the paper, it is only by reason 
of a fortuitous circumstance that it was 
feasible in our case to adapt the line pro- 
tective relays for separating the 2 systems 
on the preferred section during out-of-step 
swings. For other lines it may be neces- 
sary to employ an out-of-step relay to effect 
the tripping operation on the desired line 
section as Neher suggests. It is hoped that 


the manufacturers will ptoceed with the de- 
velopment work along this line. 

E. H. Bancker has pointed out that higher 
relay operating speed could have been real- 
ized in this installation by reducing the se- 
lectivity margin of the blocking relay from 
8.5 cycles to 1.0 cycle and thereby secure 3 
cycle tripping instead of 5 to 6 cycles. 
This may be quite feasible with some of the 
newer equipment now available but we have 
felt that the number of faults actually ex- 
perienced thus far have been two infrequent 
to justify reducing the present margin. 
We are in agreement with him that if equip- 
ment must be designed to give a high degree 
of reliability and trip in 2 cycles, it should 
be quite fast enough to maintain a high leve. 
of transient stability on practically all 
transmission circuits in use today. 

Giuseppe Calabrese’s aualysis serves to 
simplify what might otherwise appear to 
present a hopeless task for the determina- 
tion of the relay performance requirements. 
It might also be well to add that a knowl- 
edge of relay perfortnance under such con- 
ditions is equally important if the desired 
operating results are to be fully realized 
The relay performance may be obtained by 
thorough tests at currents, voltages and 
angles known to exist on the line. The only 
factor affecting both the line and the relays 
which is not readily ascertainable is the time 
period of the swing. This can usually be 
determined with a sufficient degree of accu- 
racy by an analysis of the stability charac- 
teristics of the line under consideration. 


Surge Currents in 
Protective Devices 


Discussion of a paper by A. M. Opsahl pub- 
lished in the February 1935 issue, pages 
200-4, and presented for oral discussion at 
the protective devices session of the summer 
convention, Ithaca, N. Y., June 26, 1935. 


P. L. Bellaschi (Westinghouse Elec. and 
Mfg. Co., Sharon, Pa.): Reliable field data 
on lightning currents have contributed ma- 
terially to establishing the problem of pro- 
tection on a correct technical and economic 
basis. The case of the lightning arrester is 
amply treated in this paper. In this con- 
nection it is well to discuss the deionizing 
gap, which is the protective device used in 
the Westinghouse “‘surge proof”’ distribution 
transformer. The deionizing gap is in a 
measure the outcome of extensive field ex- 
perience with transformer installations on 
distribution lines highly exposed to light- 
ning. This field experience has been closely 
correlated during the past 2 years with ex- 
tensive laboratory investigations with light- 
ning stroke currents. As the result of this 
development the deionizing gaps in this 
transformer can discharge practically all 
direct strokes near or at the transformer. 

Obviously the lightning stroke current 
generator has played an important réle in 
the development of protective devices. 
Lately this generator has been applied to 
the routine testing of deionizing gaps and 
thousands of commercial gaps have been 
tested with impulse currents of lightning 
stroke intensity. 

Laboratory equipment has likewise kept 
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pace with the development of improved pro- 
tective devices. The natural outcome of 
the lightning stroke current generator has 
been the combined lightning stroke current 
and voltage generator; the high voltage 
generator initiates the breakdown even of 
high voltage protective devices, wide gaps, 
etc., which the current generator alone could 
not break down on account of its inherently 
low voltage. An appropriate impedance 
between the protective device tested and the 
current generator prevents the voltage gene- 
rator from discharging through the low im- 
pedance circuit of the current generator. 
The combined lightning stroke current and 
voltage generator now available permits 
laboratory reproduction simultaneously of 
both the high voltage and the heavy current 
of the lightning stroke, and will, no doubt, 
prove to be the fruitful means of further 
useful development. 


K. B. McEachron (General Electric Com- 
pany, Pittsfield, Mass.): On page 202 of the 
paper a value of 12 kv per inch is given as 
the flashover value of wood, which is equiva- 
lent to 144 kv per foot. It is true that 
values of from 100 to 300 kv per foot have 
been used for wood, but I would like to 
point out that recent tests indicate that 
wood cannot be depended upon to give the 
values indicated without reference to the 
wood itself and its condition and treatment. 
Tests on some wood poles have indicated a 
very low insulating strength compared to 
that given in the paper. 

The values of currents given in table I of 
the paper are quite representative of values 
to be expected for steel tower lines and are in 
agreement with values which have been in 
use for several years. It should also be re- 
membered, however, that the majority of 
high voltage transmission lines are on steel 
with definite insulation levels. 

It seems to me that the data given in 
table II must be used with some caution 
because of the wide differences in perform- 
ance. For instance, one system 4,277 
miles long had an average of 30 interruptions 
per 100 circuit miles per year, while another 
line, only 38 miles long with about the same 
flashover distance, experienced 240 flash- 
overs per 100 circuit miles per year. How- 
ever, all of the experience to date indicates 
that it is probably reasonable to use a rough 
value of 35 tripouts per 100 circuit miles per 
year in territory where approximately 40 
storms occur per year. The actual number 
of insulator flashovers is greater than this as 
some do not cause tripouts and many 
multiple or successive strokes occur which 
are usually identified as a single flashover. 

In considering the magnitude of current 
which reaches an arrester at the end of the 
line, it should be remembered that traveling 
waves reduce their crest value very rapidly 
with travel. For instance, it was shown by 
test (“Experimental Studies in the Propaga- 
tion of Lightning Surges on Transmission 
Lines,’’O. Brune and J.R.Eaton. A.I.E.E,. 
TRANS., v. 50, 1931, p. 1132-8) that an 860 
kv negative wave was reduced to half value 
in traveling approximately 3 miles. At a 
higher potential and with increased leakage 
over the wood insulation the attenuation 
would be still greater. These factors can 
not be neglected when making any study of 
the probability of high voltages and conse- 
quently high currents reaching the lightning 
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arrester. It is also to be noted that the 
attenuation with short or chopped waves is 
much more rapid than with long tail waves. 
With a chopped negative wave (see reference 
given) only a distance of 11/2, miles was re- 
quired to reduce the 860 kv crest to half 
value. 

I am not able to check the author’s figure 
of 25,000 amperes to be expected based on 
the results obtained from reference 20 of his 
paper. Inthereference Pittman and Torok 
state that the potential at the point of meas- 
urement on one conductor was approxi- 
mately 5,000 kv. Using a surge impedance 
of 200 ohms for 3 conductors in parallel they 
conclude that the total current flowing in 
the 3 conductors was 25,000 amperes. 
However, the current per conductor at the 
measuring station, assuming all 3 traveling 
waves to be alike, did not exceed 1/3 of 
25,000 amperes. At the point struck, the 
current may be very high and the duty on 
the arrester correspondingly severe, for 
which, as stated by Opsahl, the arrester is 
not designed. Very few lines are as highly 
nsulated as the line investigated by Pitt- 
man and Torok, but with such lines high 
currents may be obtained due to direct 
strokes within a limited zone determined by 
the insulation coupled with the effects of 
attenuation, leakage, and discontinuities of 
the circuit. 

With reference to the protection of dis- 
tribution transformers, several factors 
should be included not mentioned by Op- 
sahl, all of which have a bearing on the fre- 
quency with which lightning arresters have 
to carry currents of the order of magnitude 
discussed in the paper. 

The author has suggested using 250 feet 
as representing a zone in which high cur- 
rents would reach the arrester if a streamer 
or direct stroke contacted the line within 
that zone, and on this basis has concluded 
that once in 20 to 40 years a direct stroke 
will occur within the double section of 500 
feet. For such cases, however, the arrester 
is not at a terminal point and the calculation 
shown in figure 1 does not apply. The ar- 
rester current will be reduced because of the 
surge impedance of the line beyond the ar- 
rester. The corresponding equation is 
taZ; + 2eg = 2E. If arresters at terminal 
points only are considered, then but 250 
feet should be used instead of 500 feet, 
which reduces the probability of high cur- 
rents from once in 20 to 40 years to once in 
from 40 to 80 years. The probability is still 


further reduced through the presence of 


secondary conductors on the same pole with 
the primary. The separation between such 
conductors is such that potentials of the 
order of 500 kv to 600 kv would cause a 
flash between them. Such an occurrence 
definitely limits the current through the 
lightning arrester to currents of the order 
of those givenintableI. Since every distri- 
bution transformer has secondaries, and 
these, in a large number of cases, are on the 
same pole with the primaries for a distance 
of the order of 250 feet or more, the reduc- 
tion in probability would be considerable. 

In considering the record of current 
measured by H. W. Collins and referred to 
by Opsahl, it should be stated that the 
measurements were in the ground connec- 
tions of 3 phase arresters and not more than 
1/; of 34,000 amperes can be definitely 
stated as having passed through one ar- 
rester. 


Lightning arresters have, in general, given 
a very good account of themselves from the 
point of view of failure due to lightning 
surges. Laboratory impulses of high cur- 
rent magnitudes have been successfully 
passed through arresters, but until it is 
demonstrated that arresters can withstand 
the effects of the high currents of the dura- 
tions which may be involved in direct 
strokes, and until they have demonstrated 
their ability to withstand the effects of the 
multiple stroke, they cannot be said to be 
safe under direct stroke conditions. Data 
are being accumulated which should shed 
considerable light on the frequency of oc- 
currence of any particular magnitude of 
current both in rural and urban areas. 

This paper is particularly valuable in 
pointing out the relative infrequency of oc- 
currence of currents of high magnitude 
through lightning arresters. 


Engineering Features 
of the Boulder Dam- 
Los Angeles Lines 


Discussion and author's closure of a paper by 
E. F. Scattergood published in the May 1935 
issue, pages 494-512, and presented for oral 
discussion at the power transmission session 
of the summer convention, Ithaca, N. Y., 
June 28, 1935. 


K. B. McEachron (General Electric Co., 
Pittsfield, Mass.): The Boulder Dam-Los 
Angeles line is of particular interest to the 
protection engineer because of the very 
complete system of lightning protection 
which has been installed. During the 
past 8 to 10 years a large amount of light- 
ning investigation work has been in progress, 
and this line incorporates the ideas which 
have come out of these investigations as to 
what should be done to give substantial 
immunity from lightning. 

The extensive use of the buried counter- 
poise will make available operating results 
with reference to the use of this means of 
reducing tower potential. It is not likely 
that a more complete system will be installed 
in connection with any transmission line, 
and therefore the results will be watched 
with interest. 

There is still some disagreement as to the 
proper height of ground wire for the purpose 
of shielding, the greater heights being ad- 
vocated by those who base the calculation 
on the proposition that the highest object is 
always struck, while those who favor the less 
elevated ground wire base their argument 
on the service record of lines in existence 
with ground wires of the conventional 
height. Data are available which show 
that the highest object is not always struck, 
although such an occurrence is relatively 
rare. Data which would determine the 
efficiency of the ground wires in their pres- 
ent location from the point of view of 
shielding would, it seems to me, be of con- 
siderable value. 

The over-all performance data of the line 
will be of greatest value if at the same time 
records are obtained showing the perform- 
ance of the protective means as installed. 

When making calculations involving the 
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flashover value of line insulation, proper 
allowance should be made for the effect of 
the line potential in reducing the impulse 
required to flash over the insulator string. 
This effect was first pointed out in the 
writer’s paper, “Multiple Lightning 
Strokes” [ELtec. Encc. (A.I.E.E. TRANS.) 
v. 58, Dec. 1934, p. 1633-7]. The maxi- 
mum effect would occur when the phase 
- conductor was maximum positive if at that 
instant the tower became negative as the 
result of a direct stroke to the tower or 
ground wires. The effect would be to re- 
duce the impulse required to flashover the 
insulator string by approximately 7 to pos- 
sibly 15 per cent, depending upon the 
wave shape of the impulse. The effect 
will be somewhat greater than the ratio 
of the crest 60 cycle potential to ground 
compared to the impulse potential, be- 
cause of the differences in wave shape be- 
tween the impulse and the applied 60 cycle 
potential. 


C. L. Fortescue (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): The paper 
describes the principal features of this 
development in a clear and interesting 
manner, and the engineers of the bureau of 
power and light of the City of Los Angeles 
are to be congratulated for their excellent 
program of engineering research in connec- 
tion with the transmission line and sub- 
stations and the thorough way in which it 
was carried out. I hope that in connection 
with future studies of the probable light- 
ning performance of lines in this territory 
there will be included a thorough survey of 
the soil conditions along the right of way to 
determine such factors as earth resistivity, 
probable tower footing resistance and the 
resistance to earth of lengths of counter- 
poise at different points along the right of 
way. I believe such a program would pro- 
vide an addition of great value to the rather 
meager data so far available on soil condi- 
tions along transmission lines. I know of 
no place more admirably suited to an ex- 
perimental survey of the lightning charac- 
teristics of buried counterpoises than the 
territory over which these lines pass. I 
am: sure that experimental work on the 
towers and counterpoise system with a surge 
generator of suitable capacity, along similar 
lines to the tests made at Trafford in 1983, 
combined with a survey of the resistivity 
of the soil along the right of way of the line, 
could be made at little additional expense. 

With regard to the design of the lines 
to withstand lightning, in the light of our 
increased knowledgd of the theory of 
counterpoises which has been derived in 
part by the experimental work at Trafford 
and by the record of transmission lines 
which have been equipped with counter- 
poises during the last few years, I believe 
that the standard of performance mentioned 
in this paper will be fully realized. From 
experience with the portion of the 220 kv 
line of the Pennsylvania Power and Light 
Company equipped with ground wires 
and the Safe Harbor line, I believe that the 
ground wires are placed a little higher than 
necessary, possibly 30 feet vertical separa- 
tion would have been enough, but this is 
an error in the right direction, everything 
else being equal, as it does give a better 
shielding factor and the additional cost of 
the towers is probably negligible. This, of 
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course, is hind sight, as at the time the 
lightning protection of these lines was 
under consideration it was believed with the 
high resistivity of soil anticipated for this 
project that additional midspan clearances 
would be required and 40 feet was not con- 
sidered too conservative. 


R. D. Evans (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): This paper should 
prove unusually useful for reference pur- 
poses, because rarely have the electrical 
engineering features of a power transmission 
system been presented as fully and in a 
single paper as is the case here. This 
undertaking in many respects represents 
the most severe system stability problem 
which has been encountered up to the 
present time, and the use of high speed 
fault clearing constitutes the outstanding 
application of this method of improving 
system operation. ; 

Unquestionably this paper will be re- 
viewed in connection with subsequent 
projects, and for such use I wish to comment 
on several phases of the paper which, while 
applying to the present situation, appear to 
require qualification for general use. 

The method of carrying out stability 
calculations as described in the paper is 
based on studies of conditions during 3 
phase faults with corrections for the relation 
between 8 phase and double line-to-ground 
faults, the corrections being obtained by 
separate studies. In general, we are of the 
opinion that for the usual case it will be 
more satisfactory to compute power limits 
directly for the double line-to-ground fault, 
the condition which is accepted as the cri- 
terion for maintaining stability. 

High reactance synchronous condensers 
at the receiving end of the transmission 
system are favored from the stability point 
of view as against the lower reactance con- 
densers. Such a situation is rather unusual 
and one expects generally that lower re- 
actance condensers will provide greater 
stabilizing effect. 

The discussion of minimum reactance of 
generatois appears to be slightly 
biguous. One might infer that the mini- 
mum reactance of a generator designed for 
50-60 cycle operation would be less than 
that of a generator designed for either 50 
or 60 cycle operation only. Such an inter- 
pretation is probably not intended since it 
does not conform with the facts. 


2xi1- 


P. M. Lincoln (Cornell University, Ithaca, 
N. Y.): I would like to ask 2 questions: 
First, what is the cost of the transmitting 
system from Boulder Dam to Los Angeles? 
The author has shown in his paper that 
considerations of stability will limit the 
capacity of this transmitting system to 
approximately 250,000 kw. Second, what 
rate of fixed charges (iterest, depreciation, 
taxes, and insurance) does the author 
consider proper to apply to this first cost 
in order to arrive at the yearly costs for 
fixed charges? 

I would like to subinit certain deductions 
which I have made on the basis of assumed 
answers to these questions. In the matter 
of the first cost of the transmitting system, 
I am assuming $20,000,000, or approxi- 
mately $70,000 per mile. I have been 
told that this figure is approximately cor- 


rect, but have been unable to segregate 
this figure accurately from the data in the 
paper. Fifteen per cent is assumed as the 
proper rate for fixed charges, for if this 
enterprise were a private one and if I 
were asked as a consulting engineer to esti- 
mate the proper fixed charge rate, this is 
the value that I would assume. Inasmuch 
as the enterprise is a public one, and pre- 
sumably free from taxation, the author may 
consider this assumed fixed charge rate as 
excessive. On the basis of these assump- 
tions, one arrives immediately at a first 
cost for the transmission system of $80 per 
kilowatt, and a yearly cost of $12 per kil- 
watt of line capacity. Assuming further 
that each kilowatt of line capacity de- 
livers 4,000 kilowatt-hours of energy per 
year (approximately 45 per cent load fac- 
tor) at the receiving end, this is a burden 
of 31/; mils per kilowatt-hour of received 
energy to cover the transmission cost alone, 
omitting all other items of fixed charge 
except that for transmission. In my opin- 
ion, this is too high a transmission cost to 
enable Boulder Dam power to compete suc- 
cessfully with locally generated steam power 
in the Southern California market. 

However, if this fixed charge for trans- 
mission could be distributed over 3, 4, or 5 
times the amount of energy now contem- 
plated, the fixed charge cost of the trans- 
mitted power might be brought down to a 
point where it might compete with locally 
generated power. The only way to accom- 
plish this is to lower the frequency of the 
transmitted energy. In a letter which I 
wrote to the editor of Electrical World 
(published in May 11, 1985, issue) I set 
forth the case for a lower frequency for this 
transmission, such as 10 cycles. 

As to the objections to the use of a fre- 
quency of 10 cycles, let me point out that 
38 or'4 or 5 times the power now contem- 
plated could be carried over the transmis- 
sion line by increasing the copper cross sec- 
tion or by raising the voltage or preferably 
by both methods. Such modification would 
mean but a small increase in line cost. To 
the objection that the line reactance consti- 
tutes but a small part of the total circuit 
reactance (a questionable statement) and 
consequently that the gain in line capacity 
befere reaching the stability limit is not 
inversely proportional to frequency, I 
would point out that it is immaterial 
whether the reactance occurs in the line 
conductors or in the terminal machines. 
The factor which determines stability is 
the product of line current and total re- 
actance—usually referred to in technical 
discussions as the JX drop. When the 
product 1X reaches a certain critical value, 
instability occurs. In this product, X 
is a direct function of frequency. If X 
be reduced by reducing the frequency the 
product IX is also reduced. It does not 
matter whether X resides in the line or in 
the terminal apparatus, the product JX 
decreases as frequency is reduced and in 
direct proportion. I cannot accept the 
contention that it is the reactance of the 
line only that dictates the stability limit. 


A. O. Austin (manufacturing and consulting 
engineer, Barberton, Ohio): The Institute 
is very fortunate in having the essential 
information upon such a large transmission 
system. The studies made in connection 
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with this line have covered many important 
points and have extended over a period of 
time probably much longer than that 
given to other large projects, and therefore 
the deductions deserve the most careful 
consideration. In addition to the magni- 
tude of the undertaking there are other 
interesting problems in connection with 
this development, and it is hoped that fur- 
ther details and operating information will 
be submitted at a later time. 

Some of the factors which have a bearing 
upon this project are quite different from 
those applying to most transmission sys- 
tems and must be taken into account. 
Southern California was badly in need of an 
increased supply of water. This supply was 
made possible by the development and sale 
of power, which must be taken into ac- 
count in comparing the cost of this power 
with that generated by a steam plant lo- 
cated on the coast. 

While interconnection and the existing 
loads are factors which must be taken into 
account in the selection of a frequency, it 
would seem that in some of the large future 
projects a lower frequency would reduce 
the cost per kilowatt delivered. The wide 
range in operating conditions encountered 
in various sections of the line, and the care 
taken in the planning of the line, will fur- 
nish valuable information as a guide for 
future projects, and therefore it is hoped 
that the engineering staff will prepare 
papers covering the operation of the system. 

It has long been apparent that high ef- 
fective clearance necessary in order to pro- 
vide flashover voltage in the conventional 
type of construction greatly increased the 
cost of the transmission line per kilowatt 
delivered. Since practically all trouble 
starts from phase to ground it would seem 
that this can be used to advantage for some 
of the future developments in which the 
conductors are placed inside the supporting 
masts or structures. This method makes it 
possible to provide a very high effective 
flashover voltage to ground without ex- 
cessive clearance between conductors and 
also eliminates troubles caused by birds. 

I believe a number of studies were made 
to determine the cost of clearance or length 
in the insulator string, and information 
on this point would be of great interest 
to those contemplating high voltage trans- 
mission. Information upon this point un- 
doubtedly will show that an improvement 
in the “length efficiency” of the insulator 
string will warrant a material increase in the 
cost. During the last few years there has 
been a tendency on the part of manufac- 
turers to concentrate upon a low first cost 
rather than upon improving the length 
efficiency which might result in an ap- 
preciable saving per structure, even though 
the cost of the insulators was increased 
materially. Information on the cost of 
clearance therefore is of considerable value. 

Height in the structure due to ground 
wires or long spans tends to increase the 
electrical exposure, and I am glad to note 
that C. L. Fortescue has made the statement 
that the height of ground wires might be 
reduced to advantage. The use of high 
speed circuit breakers is of particular ad- 
vantage as it practically eliminates the de- 
struction resulting from power arcs, there- 
fore it is not necessary to provide arc pro- 
tection for conductor or insulators at the ex- 
pense of flashover voltage. 
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It would seem that the engineers have 
given very careful consideration to all of the 
factors affecting the conventional type of 
transmission line construction, and that 
further improvement in the performance or 
cost of transmission must depend upon an 
improvement in some of the factors. It 
would seem that lower frequencies should be 
given very careful consideration in prefer- 
ence to high voltage d-c transmission. The 
latter offers possibilities as the potential of 
the conductor can remain fixed. This 
makes it possible to operate the conductor 
having the strongest electrostatic field with 
a negative potential, permitting much 
higher voltage for a given size conductor 
without producing radio interference or ex- 
cessive corona loss. However, improve- 
ments in insulating paints or varnishes 
will make it possible to use much smaller 
conductors for a-c transmission. 

While improvement in the length effi- 
ciency or corona point of the insulator will 
increase the cost, the total cost of the trans- 
mission line may be materially reduced 
particularly where the arrangement of con- 
ductors is changed so as to eliminate struc- 
tures at ground potential between con- 
ductors. 

Transmission lines will improve as im- 
provements in the various elements are 
available. The dependence of the system 
for stability or the amount of power de- 
livered upon the high speed breaker is a case 
in point. 

The high ground resistance and the use of 
the counterpoise will be watched with a 
great deal of interest. Where the current 
in an arc to ground is limited there is a 
strong tendency to clear, and it is hoped 
that at some future time a line making 
use of this principle in preference to coun- 
terpoise and ground wire protection will be 
given a trial so as to determine the value of 
the method where the ground resistance is 
exceedingly high. 


D. C. Prince (General Electric Co., Phila- 
delphia, Pa.): A circuit breaker is ordinarily 
considered as playing a rather passive réle. 
Once it has been closed in on the circuit, it 
stands as a guard to protect the apparatus 
and localize the ill effects of system faults 
which tend to impair service. Investment 
in circuit breakers and other protective 
gear is in the nature of insurance. Such 
equipment is valuable and necessary, but it 
does not stand out as “productive” ap- 
paratus. The investment in it is kept down 
to a minimum consistent with safety and 
satisfactory performance. Certain possible 
interruptions to service may even be ac- 
ceptable as business risks. 

Because of their beneficial effect on sys- 
tem stability, high speed breakers play a 
more active part and the super high speed 
breakers on the Boulder Dam-Los Angeles 
lines are actually ‘“‘productive,’’ because 
under certain fault conditions they increase 
the total power which can be transmitted as 
compared to that which could be trans- 
mitted by a slower operating breaker on the 
line. 

In figure 2 of the paper curve C appears to 
represent the chosen features of reactance 
and WR? most nearly. With a switching 
time of 0.2 seconds, originally contem- 
plated, the maximum power which could be 
transmitted with a fault at the sending 


end would be 225,000 kva. Using an 8 
cycle breaker with a one cycle relay, this 
limit is raised to approximately 260,000 
kva, or up about 16 per cent. Using 3 
cycle breakers with high speed relays giving 
0.06 seconds operating time, the power 
limit is raised 17 per cent more. The cir- 
cuit breakers and relays thus take their 
place with the generators and transformers 
actually contributing to the total power that 
can be delivered to customers in Los An- 
geles. 


E. F. Scattergood: Many of those discuss- 
ing the paper have referred to the lightning 
protection system used on this line, and 
have expressed the desire for operating re- 
sults when they become available. In 
planning this protection a great deal of 
reference has been made to the work of in- 
vestigators on this subject as reported 
through the publications of the A.I.E.E. 
It is anticipated that as complete operating 
data as it is practicable to obtain, will be 
compiled and made available as it is ac- 
quired. 

C. L. Fortescue has suggested that the 
ground wires might have been placed at a 
height of 30 feet rather than 40 feet above 
the conductors at midspan. Since the 
calculations by which such separations are 
determined involve surge impedances of 
the tower footing and ground wires, coup- 
ling between the conductors and the ground 
wires and counterpoise, together with di- 
electric constants of the counterpoise and 
also corona effects on the ground wires at 
lightning potentials, most of which are not 
too well known, it is rather difficult to de- 
termine these values precisely, or have dif- 
ferent engineers obtain the same answer 
except in degree. Although the anticipated 
tower footing surge impedance is given as 
17 to 25 ohms in the paper, it might be even 
lower. It is now a well accepted conclu- 
sion that the lower the surge impedance of 
the tower footing, the higher the lightning 
stroke potential can be without flashover, 
and the greater must be the ground wire 
clearance to the conductor. At the same 
time the greater diameter of the irregular 
corona envelope around the ground wire 
adds a considerable element of doubt as to 
the flashover characteristics. 

A convenient reference for the purpose of 
this discussion is the paper “Transmission 
Line Design Estimates—Simplified” by 
A. C. Montieth (Elec. Jl., v. 31, Feb. 1934, 
p. 72-5). The curves in figure 2g give 
values that are sufficiently close to those 
calculated for this line. It will be observed 
that if a tower footing surge impedance of 
17 ohms or less is obtained, that the mid- 
span clearance required is close to 38 feet. 
It is undesirable to have midspan flashovers, 
so some liberality should be used. The 
value of 40 feet is not excessive in order to 
achieve the desired reliability. 

A. O. Austin has stated that height in the 
line structure due to ground wires or long 
spans tends to increase the lightning ex- 
posure, which is true, as the line is shielding 
a greater area and invites more strokes. 
However, reducing the height of the ground 
wires possibly 10 feet would decrease the 
exposure only about 10 per cent, but would 
reduce the insulation level approximately 
25 per cent, which would double flashovers 
per year. 
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A point having a similar foundation is 
that short spans, and therefore lower towers, 
would have a similar effect. Roughly 
speaking, if the spans were reduced to 600 
feet, the resulting construction to give the 
same number of flashovers per year, taking 
into account the exposure area, would re- 
quire a tower approximately 70 feet high 
at the ground wire. A fewer number of 
insulator units per tower would be used 
(16 or 17) and a shorter crossarm would re- 
sult. The final result is that more insula- 
tors are required, the stringing expense is 
increased, the amount of tower steel is 
about the same, and the footing expense is 
higher, leading to a higher cost for the same 
performance under lightning conditions. 
For performance as affected by dirt and 
fog or with regard to the likelihood of power 
arc follow-up, the line would be less satisfac- 
tory. 

The type of construction where all of the 
conductors are within the supporting masts 
or tower structures is probably applicable 
where mast and guy type of construction is 
contemplated. However, where self-sup- 
porting structures are involved, subject to 
pulls of one broken conductor and one 
broken ground wire, as was the assumption 
for this line, the resulting cost of such struc- 
tures is greater, as such a structure consist- 
ing of 2 lighter duty towers connected to- 
gether by means of a bridge of the order of 
55 feet long would be heavier than the 
usual single tower. 

In line with the statement made by Aus- 
tin about insulator length efficiency, the 
importance of high efficiency can be empha- 
sized by stating that, if the string of insula- 
tors and hardware were made one foot 
longer, but had no higher flashover value, 
the extra height and width of tower re- 
quired increases the weight of a suspension 
tower by approximately 750 pounds, for the 
type used on this line. 

R. D. Evans is correct in stating that it is 
more satisfactory to compute power limits 
directly for the double line to ground fault, 
than by using the empirical correction 
shown in figure 2. A great many such di- 
rect calculations were made in the pre- 
liminary work. As a calculating table 
was not used, such considerations add con- 
siderably to the labor of calculation. The 
justification for the short cut is that for our 
particular problem, relative values could 
be indicated by the more simple 3 phase 
calculation, and that sufficient exact cal- 
culations showed such a correction to be 
correct for this particular setup. It is not 
intended to convey the idea that this same 
constant would work for any line one might 
be working with, or for every location of 
faults on this line. 

The discussion of minimum reactance of 
generators that appears to be slightly am- 
biguous comes from the facts as presented 
by the manufacturers. It should be re- 
called that these double frequency genera- 
tors were given the same rating at both 
speeds. Inherently, the machines have 
greater capacity at the high speed. A 
double frequency machine has the same per 
cent reactance on ratings proportional to 
speed, but if the nominal rating is taken as 
the same for both speeds, the per cent re- 
actance on such a base is lower at the higher 
or 60 cycle speed. Incidently, the lower over- 
speed for this double frequency machine, 
resulting from the water wheel conditions, 
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gave opportunity of obtaining higher rela- 
tive inertia effects, which were also de- 
sirable. 

Evans also states that it is normally to be 
expected that low reactance condensers 
would be more favorable. This position 
would normally be taken because low over- 
all reactance in a system is a very important 
factor in obtaining stability. With syn- 
chronous condensers, however, the reason- 
ing is slightly different than with genera- 
tors or loaded motors. Since there is no 
shaft torque the power angle of the ma- 
chine is approximately zero, the actual re- 
actance making only insignificant depar- 
tures from this value. Higher reactance 
has a tendency to decrease the current out- 
put during fault, and therefore lowers the 
resistance load that is slowing down such a 
machine during the fault. During resyn- 
chronizing of the machines after the re- 
moval of the fault, the high reactance is a 
disadvantage. The net result is a combina- 
tion of particular circumstances. For this 
line the difference due to reactance ef con- 
densers was very small, and happened to be 
more favorable for the higher reactance 
value. 

With regard to P. M. Lincoln’s inquiry 
regarding costs, it may be stated that the 
fixed charges for this publicly owned 
project are considerably lower than those 
which he has assumed, and may logically be 
assumed at approximately half of the value 
which he uses. Furthermore, the load 
factor will, for the major portion of the life 
of the project, probably be in excess of 0.7. 
It is anticipated that the total cost of the 
power in Los Angeles will be competitive 
with low cost steam electric generation. 

The use of very low frequencies for trans- 
mission, such as suggested by Lincoln, re- 
duces the reactance of the transmission 
circuits and would therefore be normally 
expected to materially increase the stability 
limit of the circuits. However, only about 
a third of the total over-all reactance of the 
complete system involved in the Boulder 
Dam transmission system is in the lines. 
The remainder is in the rotating and trans- 
forming equipment. 

Our investigations -have indicated that 
there is not much difference in the per cent 
reactance of any class of equipment, as 
it is designed for a different frequency. 
For example, design data for 25 and for 60 
cycle generators will show that when de- 
signed to the same standards, the reactances 
will be only a small percentage lower for the 
25 cycle machines. It will not be 25/60 
of the same ohms or percentages. Similarly 
with transformers, it will be found that 
whereas the per cent reactance of a given 60 
cycle transformer might be 10, the reactance 
of a corresponding 25 cycle transformer will 
be approximately 9 per cent. 

It should be added that the factor that 
determines stability is not just JX drop, 
but is more particularly the relation of 1X 
drop to the system voltage, or JX drop ex- 
pressed in per cent or per unit values. If 
a given generator should be run at a lower 
frequency and at normal current, the 1X 
drop in volts is of course proportional to 
frequency. However, the generated voltage 
is also similarly reduced, due to the lower 
speed, so the per cent drop remains the 
same. The rating has been decreased, so 
it would take a correspondingly larger 
number of machines to carry the load, and 


the final result is that for stability the ma- 
chine reactance effects are identical in both 
cases. 

This inefficient use of machines is ob- 
viated by designing for the particular fre- 
quency, but the proportions of parts are such 
that only minor reductions in the per cent 
reactance of this equipment is possible. 

Without regard to the unusual dimen- 
sions and expense of transforming equip- 
ment for this frequency, and without re- 
gard to the feasibility of suitable designs 
for the proper support of the enormous 
field poles for the generators and motors 
on the 10 cycle side of the frequency 
changer sets, but assuming that practicable 
forms of equipment could be furnished, 
some stability calculations were made for 
such a system, The generator reactance 
was assumed slightly lower than for 60 
cycles, being taken as 15 percent. A total 
rating of 330,000 kva was assumed for the 
generators. The speed selected was 150 
rpm and the inertia effect (proportional to 
WR? and square of the speed) was the 
same as used for the 60 cycle generators. 
Because of the difference in speed the WR?* 
of a single 82,500 kva unit was taken as 
159 X 108 pound-(feet)?. This, if. any- 
thing, is probably larger than can be built 
into a machine of this speed with regularly 
used materials. Transformers with 8 per 
cent reactance were used. The frequency 
changers were considered to have a reac- 
tance of 35 per cent, which is fairly close 
to the lower iimit considered possible for 
these machines. The total rating was 
taken as 300,000 kva in order to deliver the 
emergency rating of the line. The quantity 
WR? was taken as 2,400,000 for each of 5 
units running at 600 rpm. Due to low line 
reactance, only one intermediate switching 
station was used or justified. 

The theoretical sending-end 3-phase fault 
durations that would cause instability for 
various loads are as follows: 


Net load delivered, kw....200,000..250,000..300,000 
Duration;seconds!.c ca) | O1oO. 10s OO 


These permissable fault durations are ap- 
proximately 0.09 seconds longer than for 
similar 60 cycle values. 

A 10 cycle system cannot be relayed as 
quickly as a 60 cycle system, for certain of 
the phenomena pertaining to reverse power 
measurements are dependent on making 
measurements for at least 14/, cycle or 
longer. To avoid oscillograph-like action of 
mechanical parts of relays, they must be 
relatively sluggish. The net result is that 
it is not anticipated that suitable relaying 
can be accomplished in less than from 11/4 
to 11/, cycles. The present 3 cycle cir- 
cuit breaker (60 cycle system) takes 0.05 
seconds to operate. This is equivalent to 
1/, cycle on the 10 cycle system. No matter 
how fast the circuit breaker, the are will not 
go out until the first zero point after some 
degree of opening has been obtained. 
If the trip coil were energized at the peak 
of a current wave, it would probably take 
3/, cycle to interrupt the circuit. The 
final result is that relaying and circuit 
breaker action on a 10 cycle system would 
take at least 2 cycles, or 0.2 seconds. This 
is almost exactly 0.1 second longer than is 
required for this action at 60 cycles, and 
puts the performance of the 10 cycle sys- 
tem at identical values to those obtained 
with the 60 cycle system. 


203 


It is realized that the final values ob- 
tainable in a 10 cycle system of this kind 
cannot be absolutely determined without 
an exceedingly lengthy investigation, but 
it can be definitely stated that from 3 to 6 
times the amount of power cannot be 
handled over such a system. 

Lincoln suggests that increasing the power 
limit by increasing the cross section of the 
conductor, and by raising the voltage, would 
mean only a small increase in cost. Our 
stability studies indicated that increasing 
the cross-sectional area of the conductor 
had an entirely negligible effect on the sta- 
bility. Increasing the voltage requires in- 
creased conductor diameters, which brings 
higher mechanical loadings and longer insu- 
lators, both of which add materially to 
the conductor, tower, and insulator cost. 
Obviously for this project, the 275 kv line 
was found to be the most economical. 

It is generally recognized that the use of a 
frequency changer to tie together portions 
of a system is not conducive to the greatest 
stability during faults, especially as the sys- 
tem grows. A limited investigation indicates 
that 10 cycle generators have impracticable 
dimensions that will add to the cost by 
making unusual construction necessary, or 
else requiring a greater number of units 
of lower rating. Also, the transformers 
will have dimensions and weights that 
would make it necessary to use a larger 
number of smaller rating, adding greatly to 
their cost. It is not believed that this 
system offers sufficient, if any, advantage 
to offset the numerous difficulties and ex- 
pense that accompany its use. 


A Criterion of Quality 
of Cable Insulation 


Discussion and authors’ closure of a paper by 
K. S. Wyatt and E. W. Spring published in the 
April 1935 issue, pages 417-21, and pre- 
sented for oral discussion at the power trans- 
mission session of the summer convention 


Ithaca, N. Y., June 28, 1935. 


R. L. Dodd (Milwaukee Electric Railway 
and Light Co., Milwaukee, Wis.): The 
authors of this paper have proved that by 
the unique and inexpensive methods they 
have used, the quality of the paper insula- 
tion of a power cable may be gauged layer by 
layer. They have also proved that the 
inner and outer surface contamination of the 
insulation is responsible for the deleterious 
high power factor conditions, and that 
cable manufacturers can prevent this con- 
tamination. It is possible then to make 
cable which will have low and uniform 
power factor throughout its entire insula- 
tion at the time it leaves the factory. 
However, cable is frequently installed 
under conditions of internal pressures 
which are different from those existing when 
it was finally sealed at the factory. The 
handling and transportation of the cable 
may stretch the sheath somewhat and 
thereby lower the internal pressure. The 
temperature at the time and place of in- 
stallation and splicing may be and fre- 
quently is lower than the temperature at 
the time the cable was sealed. These 
conditions produce a vacuum within the 
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cable, which results in an inrush of air 
laden with more or less moisture as soon as 
the cable sheath is removed for splicing. 
Whatever technical tests and controls are 
used by the manufacturer and however per- 
fect his product may be when it leaves the 
factory, this very common inrush of air as 
soon as the sheath is cut will permit con- 
tamination of the inner and outer portions 
of the insulation and defeat the purpose 
of the excellent precautions which have 
been taken up to that time. 

It is suggested that to make the most 
use of the discoveries outlined in this 
paper, cables must be kept continually 
impregnated or must be reimpregnated 
before they are opened for splicing, so that 
pressure conditions on the inside and out- 
side of the sheath are in equilibrium. 


G. H. Arapakis (The New York Edison Co., 
Inc., New York, N. Y.): The authors 
in discussing the possible causes for radial 
nonuniformity of power factor and oxida- 
tion emphasize the possibilities of contami- 
nation in the manufacturing processes. 
This overlooks 2 other causes of oxidation 
which may explain, at least in part, the 
upturn of the curves at the conductor and 
lead sheath: 


(a). It is known that the presence of very finely 
subdivided substances increases considerably the 
chemical reactivity of adsorbed gases, giving rise 
to the phenomenon known as surface catalysis. 
The presence therefore of fine particles of copper or 
lead at the conductor and sheath may partly ac- 
count for the larger amounts of oxidized products at 
these 2 places. 


(b). Oxidation is also accelerated by electrolytic 
action. The radical of a dielectric, which is not 
absolutely stable, becomes positively charged and 
will combine with either an oxygen or hydroxyl 
ion, at either the conductor or lead sheath, under 
the influence of a-c electrolysis. Such action 
would explain for service-aged cables the accumula- 
tion of oxidized products at both the conductor and 
lead sheath. Furthermore, copper and lead can be 
considered as the electrodes of a primary cell, and 
with lead occupying a higher place in the electrolytic 
potential series, oxidation will take place at the lead 
sheath. From the number of curves presented, it 
appears that power factor tends to be higher at the 
lead sheath than at the conductor, which may lend 
some support to this theory of primary electrolytic 
action. ‘ 


It would be desirable to test the réle 
played by electrolytic oxidation, if any, 
by placing a cable for a long period under 
unidirectional potential and noting any 
predominance of oxidized products at 
either the lead sheath or conductor. 

In this discussion, the presence of oxygen 
in some form or other is assumed. The 
attempt is to give a possible explanation for 
the nonuniform distribution of the oxidized 
products, other than that advanced by the 
authors in this paper. 


J. W. Bennett (Western Massachusetts 
Companies, Springfield, Mass.): The ma- 
terial contained in this paper represents a 
valuable addition to the published data on 
paper insulated cable. It also shows the 
desirability of checking academic theories by 
experiment wherever possible. 

It is quite evident from the results of 
tests as given in figures 2, 4, and 5 of the 
paper that the quality and uniformity of 
their product can be improved by the 
manufacturers if a suitable method of de- 
tecting its shortcomings is available. This 


is particularly evident from a comparison 
of the curves in figures 4 and 5. 

Most of the tests discussed in this paper 
were made on 3-conductor 24-kv cable. 
I should like to ask the authors whether or 
not they have made any tests on single 
conductor cable of comparable voltage, and 
if so how the results of these tests compare 
with those on 8 conductor cable. 

There seems to be little doubt that the 
quality of paper cable can be raised to a 
high value by carefully controlled and ef- 
ficient methods of manufacture. This 
improvement in quality and uniformity of 
cable will, undoubtedly, help to increase 
its operating life. 

While improved quality of the manufac- 
tured product is of paramount importance in 
any attempt to increase the useful operating 
life of power cables, the other factors affect- 
ing this problem must not be overlooked. 
From test and experience it is known that 
the quality of solid type paper insulation 
can, and frequently does, deteriorate in the 
storage yard. Unless care is taken in the 
installation, it is possible for foreign matter, 
such as dirt or moisture, to enter the cable 
at that time, with a consequent acceleration 
of insulation deterioration. 

A certain amount of contamination at, or 
adjacent to, the cable joint, is almost in- 
evitable even under the most carefully su- 
pervised conditions of installation. Some 
aging of insulation in storage may also be 
expected. These 2 facts suggest that it 
might be desirable to consider the partial 
evacuation and impregnation of cable at 
the time of installation. 

Research of the type described in this 
paper is of value to both manufacturer and 
operator, and I hope that the authors will 
continue to publish the results of their work 
in this field. 


W. A. Del Mar (Habirshaw Cable and 
Wire Corp., Yonkers, N. Y.): The authors 
are to be congratulated on their develop- 
ment of a new instrument for the study of 
dielectrics, and there is no doubt but that 
this instrument will prove of great value 
both in diagnosing cable trouble and fur- 
nishing information which will lead to new 
developments in dielectrics. 

There is, however, an unfortunate lack 
of accuracy in many statements in the paper, 
such as in the frequent references to “‘radial 
uniformity” as a criterion of quality. 
Probably the authors meant to say ‘lack 
of accidental or erratic variation in the 
radial power factor,” which is a very dif- 
ferent thing. No evidence is offered to 
show that radial uniformity in power fac- 
tor is a desirable characteristic. On the 
contrary, I believe that the various sys- 
tems of grading, with which manufacturers 
are now experimenting, are sure to lead to 
radial non-uniformity. 

Is it not possible that a high power factor 
of the inner tapes may be a good thing? 
Cable deterioration starts in the oil at the 
conductor surface and if the oil can be kept 
hot and expanded as the remainder of the 
cable cools, will not ionization be reduced or 
retarded? There is a lack of evidence that 
even erratic radial variation of power factor 
is harmful, although the presumption would 
be in favor of this idea. 

The points I wish to bring out are that 
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something is being taken for granted with- 
out any kind of evidence, and that there are 
certain essential characteristics which affect 
the behavior of a cable in service which we 
are likely to lose sight of while chasing a 
new will-o’-the-wisp. For example, the 
first tape or so nearest the conductor is 
usually of abnormally high power factor 
because of the wrinkling it receives by 
pressure against the strands. This can 
be avoided by applying the tapes loosely. 
Therefore, if the Wyatt-Spring criterion of 
quality is to govern, tapes will be applied 
loosely, to the great deteriment of cable 
quality. 

The use of superdense paper near the 
conductor has the effect of increasing stress 
on the oil, hastening oil deterioration at the 
conductor in the course of a voltage-time 
test, as shown by radial tests. Neverthe- 
less the cable performs better at normal 
voltage with a certain amount of this paper, 
showing that the radial tests may be quite 
misleading. 

Other inaccuracies are in the compari- 
son of cables A to D, the radial curves of 
which are shown in figure 2. Thus it is 
stated that the use of rosin masks small 
variations in manufacture. The curves 
indicate the contrary, as the only one with 
small variations is curve C, which repre- 
sents a rosin-bearing cable. At the time 
when the cables for these tests were col- 
lected, cables without rosin were all made 
with carbon dioxide washing, while those 
with rosin were not so treated. Is it not 
probable that the uniformity of the A and B 
cables is due more to carbon dioxide washing 
than to absence of rosin? Washing with 
carbon dioxide certainly tends to produce 
uniformity. 

The details of the method of test are not 
very fully covered by the authors, as in- 
dicated by the following uncertainties: 

(a). It is not stated whether the tapes have been 
wiped to remove free oil, or left oily as stripped 
from the cable. There is a considerable difference 
between power factors in the 2 cases, the unwiped 
tapes showing from 10 to 50 per cent higher power 
factor. The dielectric stress in the oil being some 
70 per cent greater in the free oil than in the tapes, 
there is a tendency for residual moisture to con- 


centrate in the free oil, which may explain this 
difference. 


(b). More accurate measurements are obtainable 
at 1,000 cycles than at 60 cycles, the increased 
power factor of the inner papers is more pronounced, 
and the beginning of the belt, in belted cable, is more 
clearly indicated: Nevertheless, the 60 cycle read- 
ings are more erratic than the 1,000 cycle readings, 
indicating that erratic results may be introduced 
by the method of test. 

(c). The distance from the end of a sample which 
is required to obtain a representative sample is 
open to doubt. An end left open to the air for a 
few hours is likely to show erratic radial curves, for a 
considerable distance, even though the cable in 
general is very uniform radially. 

(d). The electrode pressure has quite an influence 
on the power factor of an aged cable because it de- 
termines.the amount of surface oil which remains 
on an unwiped sample. 


(e). The temperature of the paper tape is some- 
what open to doubt in spite of the ingenious con- 
struction of the instrument, as the thermometer is 
necessarily located at some distance from the tape. 
Tests on different instruments are not always 
consistent. 


H H. Race (General Electric Co., Schenec- 
tady, N. Y.): This paper is one of a series 
describing methods for studying physical 
properties of cable insulation as functions 
of radial distance from the copper core. 
The authors have studied power factor of 
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the oil filled tapes and also hydrophil 
content of oil extracted from such tapes. 

As an extension of this type of minute 
examination of portions of oil impregnated 
paper insulation, a guarded cell for measur- 
ing the dielectric constant and power fac- 
tor of a drop of oil has been made. Meas- 
urements to 5 per cent accuracy can be 
made on 0.1 gram of oil, which amount can 
usually be extracted by centrifuging a 
few square inches of paper tape removed 
from any portion of cable. Thus the elec- 
trical properties of oil in individual paper 
tapes can be studied for correlation with 
microchemical tests on the oil alone and 
other physical tests on the oil impregnated 
paper. 

The construction of this small oil cell is 
unique, having been made possible by the 
development of a special metal alloy called 
“fernico”’ having the same temperature 
coefficient of expansion as certain com- 
mercial glasses. The cell consists of 2 
circular plane parallel plates mounted so 
that they can be set from 0.01 to 0.02 
centimeter apart. One plate is solid 


Fig. 1. 
measuring dielectric constant and power 
factor of 0.1 gram of oil 


Shown approximately actual size 


Measuring electrode of small cell for 


metal, the other is made by sealing a cylin- 
der of glass about 0.05 centimeter thick 
between the measuring electrode, which is a 
disk 1 centimeter in diameter, and an 
outer guard ring about 0.2 centimeter in 
width. The surface of the completed disk 
is ground flat, leaving a surface which can 
be easily cleaned, and having a guard ring 
permanently mounted on but insulated 
from the measuring electrode. Figure 1! of 
this disctission shows this electrode with 
the brass yoke showing through the glass 
between the measuring electrode and the 
guard ring. 


G. B. Shanklin (General Electric Co., 
Schenectady, N. Y.): Since these authors 
first described their radia! power factor 
method of testing cable, like other cable 
engineers I have watched this new indus- 
trial tool closely and have attempted to 
evaluate and catalog it on the basis of 
existing evidence. The conclusions I in- 
tend to present can be regarded as only 
tentative, for this method is still too new 
and experience with it too limited for final 
evaluation and co-ordination with estab- 
lished knowledge of cable characteristics 
obtained by other means. Nevertheless, 
I believe these conclusions are reasonably 
near the truth and will be confirmed as 
further experience is gained. 

There is no question about the value of 
this test method as a contribution to the 
cable art. I am glad, however, that the 
authors designate it as a criterion quality 
rather than as the criterion. The only real 


criterion of cable quality is durable service 
life. As a single test criterion, the nearest 
approach to this is the load cycle overvolt- 
age endurance run, as developed and used 
in this country and abroad. This test, 
however, is expensive, complicated, and 
long drawn out. Auxiliary tools are neces- 
sary and helpful. In this respect the radial 
power factor test is valuable, but I would 
again emphasize that no single test nor 
single cable characteristic is a final criterion 
of service life. 

The radial power factor test is definitely 
associated with the old established dielectric 
loss test on finished lengths of cable, the 
only difference being that instead of measur- 
ing the mean average power factor of a 
finished iength, small areas of the compo- 
nent paper tapes are measured and the 
results plotted in the form of a radial curve. 

The first conclusion is that the old re- 
liable method of measuring the dielectric 
loss of finished lengths will not be displaced. 
The radial method is mainly supplementary. 
This leads to the further conclusion that 
cable stability, as represented by change in 
power factor, is best determined by periodic 
measurement on finished lengths. In other 
words, if the average mean power factor 
does not change noticeably, then the 
radial power factor curve has no real sig- 
nificance. 

The second conclusion is that the U 
shape of the radial power factor curve is 
normal and inherent in all paper insulated 
cable, and is the result of localized oxida- 
tion action in the impregnating oil, ac- 
celerated and increased at the conductor 
and sheath zones by the catalyzing effect of 
the metals in near proximity. The shape 
or steepness of this U curve indicates the 
amount of oxidation products present. In 
a well made cable reasonably free from im- 
purities the curve, while the cable is new, 
should be rather flat and shallow with an 
up bend at each boundary extending 
through only a few layers of paper. After 
a period of service, however, the steepness 
of the curve will normally increase as the 
oxidation action proceeds. 

This will continue until the oxidation 
action is completed. If, at this time, the: 
average effective power factor of the cable 
as a whole has not appreciably increased, 
then the radial curve neither in shape nor 
degree has any real significance nor does it 
give any true indication of cable life. 

If a cable contains more than normal 
traces of oxidation impurities, the steepness 
of the U curve is more pronounced and 
there is a corresponding increase in aver- 
age effective power factor. This may or 
may not continue to the point of affecting 
cable life, depending upon the amount of 
impurities present and other factors. 

From the foregoing one might ask why it 
is not desirable to go the whole way, elimi- 
nate all traces of oxidation impurities from 
the cable, and obtain an absolutely flat 
radial curve from conductor to sheath. 
The answer to this was discovered long 
before the radial method of test was known. 
It has been proved to be a dangerous thing 
to do. The cable would be too pure to 
live long. 

The only way an absolutely flat radial 
curve could be obtained would be to use 
such highly refined materials and methods 
of manufacture that not even traces of 
hydrophils remained in the finished product. 
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This has been tried and the finished cable, 
while having remarkably low power factor 
and stability as far as oxidation is con- 
cerned, had no ionization stability or volt- 
age life at all. Under such conditions 
voids and ionization seem to form easily 
with cumulative generation of hydrogen 
gas and formation of “X’’ wax. Experi- 
enced chemists and physicists claim that 
without a certain amount of such oxidation 
products the oil loses its ‘‘wetting ability” 
and will not cling to the paper fibers or 
form a tough film between tapes. This 
explains, at least in part, why some cable 
engineers still prefer a little rosin in their 
compounds. 

To summarize these conclusions it might 
be stated that the radial power factor test 
is a valuable contribution to the cable 
art, always provided its results are right- 
fully interpreted. I hope sincerely that 
the cable users will not become too alarmed 
when they discover U curves in their cable 
and insist too strongly that cable be fur- 
nished with perfectly and permanently flat 
radial curves. After all, cable now being 
furnished has a rather perfect operating 
record as far as insulation quality is con- 
cerned. 


D. W. Roper (Commonwealth Edison Co., 
Chicago, Ill.): Radial power factor tests 
as described in this paper have been made 
in connection with accelerated aging tests 
of 66 kv cable now in progress in Chicago. 
Figure 2 of this discussion shows the curves 
for 10 cables before being subjected to the 
aging tests. In order to determine the in- 
fluence of the radial power factor on the 
life of the insulation, samples covering the 
entire range of quality which occurs in 


such cable used in Chicago were purposely 
included. Some of the samples of the 
poorest quality were new cable made several 
years ago and others had been in service, 
during which they had deteriorated. 

The aging tests consisted of the simul- 
taneous application of overvoltage and 
daily load cycles resulting in a maximum 
temperature of about 65 degrees centigrade 
at the conductor. The first 5 cycles were 
at 21/, times normal voltage during which 4 
cables failed. Trouble with the joints 
necessitated reduction to 21/, times normal 
for the next 17 cycles during which no 
cables failed. It was apparent that the 
standard joint design, which was entirely 
satisfactory in service, was not suitable for 
these tests. The design was modified and 
the next 9 cycles were at 21/, times normal 
during which 6 cables failed. 

This trouble with the joints is mentioned 
here for the benefit of other investigators 
who may make aging tests with joints 
in the set-up. Apparently, the joints for 
such tests must have at least 50 per cent 
longer leakage path between the factory ap- 
plied and hand dpplied insulation, and have 
slightly more insulation radially than 
joints used in normal service. Also, it is 
important that the hand applied tape 
have relatively low power factor at the tem- 
peratures attained in the tests. 

The order in which these cables failed in 
the aging tests shows a very good agreement 
with the initial radial power factor data. 
Cables 1, 2, 3, and 4 were obviously inferior 
in the radial power factor characteristics 
and their early failures were predicted. 
Cable 7, which was very nonuniform along 
the length, was expected to fail before 
cable 5, but is obviously of about the same 
intermediate quality. Cables 6, 9, and 10 
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are next in general order of excellence in 
quality and for these cables as well as for 
the best one as indicated by the radial power 
factor data, that is, cable 8, other factors 
in the cable samples predominated to cause 
slight variations in the order of failure from 
the predicted order. 

These data indicate that cables of poor 
quality can be properly judged by the 
initial tests without making the far more 
costly and lengthy aging tests. This is one 
important use of the radial power factor 
tests. Since the aging tests of the cables of 
better quality are still in progress, the ex- 
tent to which this application is suitable 
has not been determined. 

Figure 3 of this discussion shows radial 
power factor curves measured before and 
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after the aging tests on the fifth cable to 
fail. Both the U shaped power factor 
curve and the early failure indicate poor 
quality. Closer examination of the data 
indicates the following: 

(a). The materials used in this cable were about 
as good in quality as the best now obtainable. 
This is indicated by the minimum power factor 


of 0.3 per cent at 60 degree centigrade, which is 
nearly as low as the lowest now obtainable. 


(b). The insulation was not thoroughly impreg- 
nated. This is indicated during aging by the in- 
crease in power factor in the inner half of the insula- 
tion where the compound had changed to wax. 


(c). Contamination occurred during manufacture 
by entrance of oxygen or dirt both from the outside 
and inside of the insulation wall. This is indicated 
by the upturns in power factor toward the con- 
ductor and sheath which involve practically the 
entire thickness of insulation. 

These conclusions concerning the sig- 
nificance of the data as applied to the manu- 
facture of the cable were verified by the 
manufacturer of the cable. 

Figure 4 of this discussion shows the radial 
power factor curves for a 60 kv cable of 
foreign manufacture, designated by the 
letter A, and 4 makes of 66 kv cable made 
in this country. The radial power factor 
tests show that the foreign cable is not so 
good in quality as 4 domestic cables of re- 
cent manufacture. The 60 kv cable of for- 
eign manufacture has 550 mils of insulation, 
while the 66 kv cables of domestic manu- 
facture have 688 mils of insulation. The 
60 kv cable operates satisfactorily with 
14 per cent higher stresses than the 66 kv 
cables and with a poorer grade of insulation. 
These data indicate that the thickness of 
insulation for the 66 kv cable could be 


ELECTRICAL ENGINEERING 


= 
So 
~ 


POWER FACTOR 


0.008 


0 20 40 60 80 100 
PER CENT DISTANCE FROM CONDUCTOR TO SHEATH 
Fig. 4. Curves of radial power factor of high- 
voltage single-conductor cable at 60 degrees 
centigrade 


A—60 ky cable of foreign manufacture 
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reduced safely by from 10 to 15 per cent. 
These tests indicate that the radial power 
factor tests will be found useful not only 
by the manufacturer in determining the 
manner in which the insulation can be im- 
proved, but also by the purchaser for com- 
paring the quality of cables submitted. 


R. W. Atkinson (General Cable Corp., 
Perth Amboy, N. J.): Throughout the 
history of the use of dielectrics, much of the 
improvement in the material and its tse 
has needed to await the development of 
“tools”? and methods of using them. An 
important part of the work of those in- 
terested in the development of the dielec- 
tric has lain in the development of the tools. 
The tape tester developed by the authors is 
a typical case in point, and these authors 
deserve credit for recognizing the need of a 
satisfactory means of measuring radial vari- 
ation in power factor in cable and for de- 
veloping the apparatus and technique for 
this purpose. When this tape tester was 
first announced, the company which I 
represent had one made from specifications 
kindly furnished to it, and we have found 
this piece of apparatus to be all that we 
hoped it to be. 

I would like also to say a word for the 
apparatus more recently developed for this 
purpose by A. L. Brownlee of the Com- 
monwealth Edison Company. Similar meas- 
urements are made with this, but with the 
advantage that an extremely small sample 
of tape is used which adds greatly to the 
adaptability of the apparatus for some 
purposes. I believe that similar details 
of his apparatus are available. 

Marked improvement in the dielectric 
properties of cables has come about al- 
ready as a result of the development of the 
tape tester and of the information fur- 
nished by these authors showing the wide 
radial variation of power factor in earlier 
cables. This apparatus has taken its place 
as a valuable tool in the manufacture of 
cable as well as in the study of properties 
of completed cables. I would add the 
warning, however, that there always is a 
tendency in the case of new apparatus to 
overemphasize the importance of measure- 
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ments made with it. Important as are the 
determinations made of power factor of 
individual tapes of a cable, overemphasis 
on this must not be permitted to divert at- 
tention and energy that should be given to 
other matters which are essential in a bal- 
anced program. 

That the importance of this is limited is 
illustrated by D. W. Roper in his remarks 
about a cable of foreign manufacture, con- 
cerning which he has given data. His 
curve very well illustrates the improve- 
ments which have come to American 
cable as a result of the availability of the 
radial testing, by comparison with the 
poorer values found in the foreign cable. 
However, he ieft no doubt that he felt this 
example of European cable to be repre- 
sentative of the best European practice and 
that further he felt no qualifications re- 
garding its high quality. He did not in- 
dicate that he felt the radial nonuniformity 
affected its being very good cable. 

A word should be said about comparison 
of insulation thicknesses of European and 
American cables. Aside from the differ- 
ences in operating conditions which are 


- favorable to European cables and have fre- 


quently been discussed, it should be ob- 
served that European practice is to base the 
nominal or rated thickness of insulation up- 
on the minimum thickiess, whereas Amer- 
ican practice is to base the rated thickness 
upon the average thickness. Thus, the 
actual European thicknesses are 5 per cent 
or 10 per cent greater for the same rated 
thicknesses than are the American, which 
fact should be taken into account when com- 
paring rated thicknesses of European cables 
with those of American manufacture. 


& 


C. G. Brazier and D. M. Robinson (non- 
members; Callender’s Cable and Construc- 
tion Co., Ltd., London, England): We 
are im agreement with the authors’ observa- 
tions of fact, namely that there is a U 
shaped curve of power factor throughout the 
dielectric wall, and a corresponding curve 
of hydrophil content. However, we find 
ourselves definitely unable to join with the 
authors in their explanation that “the 
hydrophil curves represent oxidation of the 
insulation.” 

Taking from the paper an average rise 
of hydrophil content of 0.2 per cent, it can 
be calculated, taking the most conserva- 
tive assumptions at all points, that an 
absolute mininium of 37.5 cubic centimeters 
of air would be required per 100 grams of 
cable compound. For 100 yards of cable of 
about 2 inches diameter, this corresponds 
with a requirement of 30 liters of air to sup- 
ply the necessary oxygen. We find it 
impossible to believe either that this 
amount of air is breathed into the cable 
through a porous lead sheath, or that this 
amount of air is left in the cable at the 
moment of impregnation, since in this case 
it would be inipossible to obtain the ioniza- 
tion figures which are given for our present 
cables. The figure of 30 liters, in fact, can 
be compared with the calculated volume 
of residual air in the cable at the moment 
of impregnation, when the impregnation 
vacuum is brought down to a figure of 0.1 
millimeters of mercury, which is 0.035 
liters per 100 yards of cable, or approxi- 
mately 1/100 of that required by the authors’ 


theory. 


Moreover, we note that in a recent paper 
by D. W. Roper ‘‘Notes on Practical Appli- 
cation of Insulation Research” [report of 
committee on electrical insulation, National 
Research Council, Washington, D. C., 
1934; see also Evec. Encc. (A. I. E. E. 
TRANS.) v. 54, Aug. 1935, p. 816-21] 2 
similar kind of discontinuity in the hydro- 
phil and power factor curves is found at the 
junction in the dielectric wall between 2 
different types of paper or papering. It 
appears quite impossible to explain an ef- 
fect of this kind by the authors’ oxidation 
theory. 

Therefore it may be concluded that the 
power factor and hydrophil content does 
vary in the manner described in the paper, 
but that this is not the result of oxidation 
of the compound. 


J. B. Whitehead (The Johns Hopkins 
University, Baltimore, Md.): The authors 
emphasize particularly the value of their 
method of examining the radial variation 
of the electrical properties of impregnated 
paper for improving the quality of manu- 
factured cables. Certainly such results 
as those presented in figures 2, 4, and 5 
of the paper should convince anyone that 
the authors are warranted in their modest 
thesis. 

The authors might have gone much further 
in emphasizing the value of their method for 
general research purposes. Thus they ap- 
parently attribute the high values of power 
factor at conductor and sheath entirely 
to oxidation of the saturant. This is un- 
doubtedly one of the most serious causes 
of the deterioration of oils and there- 
fore, in ali probability, the first such cause 
to be uncovered by these methods. It is 
also in all probability the one that is most 
easily combated as indicated by the methods 
adopted for improving the 1933 cable of 
figure 2. 

However, the evidence is not clear that 
all of the trouble is due to oxidation. For 
example, in figure 4 the increase in power 
factor at the sheath is proportionately 
very much greater than the increase in the 
hydrophils. It is to be remembered that 
gaseous ionization probably occurs most 
often near the sheath and that a very brief 
period of such ionization may cause other 
forms of deterioration. Moreover, the 
causes cited by the authors for the oxida- 
tion in the neighborhood of the sheath cer- 
tainly do not apply equally strongly to the 
layers nearest to the conductor. Yet in 
many cases the increase in power factor in 
the latter region is just as great as near 
the sheath. 

In recent research on insulating oils in- 
creasing attention is being drawn to the con- 
ditions which obtain at the layer of contact 
between oil and metal. In the purest oils 
residual conductivity and loss is being 
attributed less and less frequently to 
residual impurities, and more frequently to 
the presence of electric stress, to possible 
radioactive influence, or to cosmic in- 
fluence, both as affected by conditions at 
the surface layer between metal and di- 
electric. The question involves not merely 
the chemical relationships of the materials 
involved, but also the physical conditions 
such as microscopic surface irregularities, 
temperature, and perhaps other factors. 

Furthermore, the method would appear 
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to offer fine opportunity for the study of 
progressive deterioration. New evidence 
has recently been presented of the influence 
of electric stress alone as a deteriorating 
agent. The picture is that the oscillation 
of free ions present in an oil either by colli- 
sion, or friction, or otherwise, necessarily 
tends to upset molecular equilibrium. The 
free ion content of the whole range of oils 
considered to be good and as used in cable 
insulation varies in the ratio of 1 to 1,000 or 
more. The industry now uses no method 
for determining the free ion content of the 
oil. Yet it is certain that the rate of de- 
terioration increases with the free ion con- 
tent. 

Another question closely related to the 
foregoing is the point at which deterioration 
of impregnated cable insulation is most 
rapid. It would appear almost certain 
that of the various radial distribution 
curves shown by the authors, deterioration 
would be most rapid at either sheath or 
conductor. On the contrary, in carefully 
controlled laboratory samples, not only 
are over-all power factors substantially 
lower than those shown in figure 2, but in 
many accelerated aging tests, the most rapid 
deterioration and the beginnings of failure 
have been found to occur near the center 
of the insulation wall. 

Among others, this method would seem 
to offer great promise in studies of the 
following questions: the relative catalytic 
activities of various metals as related to 
various oils, and as affected by residual 
moisture and residual gases of various 
types; the changes in the original values, as 
related to these various factors, which result 
from the continued application of high elec- 
tric stress; the relation of the original free 
ion content of the oil to these subsequent 
changes; and more careful studies of pro- 
gressive variation of radial distribution of 
power factor in carefully controlled ac- 
celerated aging tests. 


K. S. Wyatt and E. W. Spring: From the 
discussion it is evident that the apparatus 
and method described earlier (reference 1 
of the paper) have found application in 
both utilities’ and manufacturers’ labora- 
tories. Their rapid adoption appears to 
indicate that the manufacturers are ever 
alert to take advantage of new tools which 
may help to improve their product, and 
this is indeed a healthy sign for the industry. 
We join with R. W. Atkinson in com- 
mending A. L. Brownlee’s apparatus which 
because of the small area of tape which is 
measured, makes it possible to go farther 
than our apparatus and to measure the 
variation in power factor around each 
turn of paper tape, or to explore the de- 
terioration in the vicinity of failures. 
Replying to J. W. Bennett, we have not 
employed the radial method on single con- 
ductor cable in the same voltage class as 
the 3-conductor 24-ky cable on which most 
of our work was done. We have made a 
few measurements on_ single-conductor 
66-kv cable from service which led us to 
believe that the deterioration as indicated 
by the radial power factor curve was not so 
serious as in 3-conductor :24-ky cable; 
this we thought might be due to lack of 
filler spaces in single conductor cable 
which serve to some extent as channels along 
which air and moisture may travel when a 
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cable end is exposed, as for example in 
jointing in cold weather. A great deal of 
work with radial power factor measure- 
ments has been reported on single-conductor 
66-kv cable by D. W. Roper [‘‘Practical 
Applications of Insulation Research,” ELEc. 
Encc. (A.LE.E. Trans.) v. 54, Aug. 
1935, p. 816-21], although, of course, no 
comparison could be made with 3 conductor 
cable. In cases where marked deteriora- 
tion occurs because of the filler spaces in 3 
conductor cable, the reimpregnation method 
suggested by R. L. Dodd should prove 
useful. 

The points raised by G. H. Arapakis are 
of great interest. There can be no doubt 
that the presence in cable of such active 
oxidation catalysts as copper and lead af- 
fect the rate of deterioration in the vicinity 
of the conductor and sheath. It has re- 
cently been reported that oil taken from 
operating cable contains copper in finely 
subdivided or colloidal form, in which state 
the metal is far more active due to the large 
surface area; the catalytic effect of such 
copper obviously would increase still fur- 
ther the oxidation rate. The final effect 
of the oxidation catalysts, such as copper, 
lead, and paper lignins which are present in 
modern cable, is discounted by many on the 
ground that, since an operating cable is a 
closed system and the amount of oxygen 
available for combination with the oil is 
limited, catalysts can only increase the 
rate of oxidation but cannot change the 
final amount of oxidation. The quantity of 
oxygen entrapped in the cable is small, so 
that all that catalysts could do would be to 
effect an oxidation in a few months which in 
their absence would take place within a year 
or so of operation and certainly long before 
the cable reached the end of its useful life, 
i.e., 20 years or more. This argument leads 
us to look for the source of the oxygen in 
new cable; it may be dissolved in the oil, 
mechanically entrapped in small void 
spaces between the layers of paper, or in 
the paper cells from which it has not been 
displaced by the oil impregnation process; 
it may be adsorbed on the paper fiber or 
metal surfaces; it may be in combined 
form as in lignins, resins, or other impurities 
which are present in most kraft papers in 
quantities from 1 to 3 per cent; or finally 
it may be the more stably combined oxygen 
of the cellulose, of moisture in the paper, or 
even of the 0.3 per cent cuprous oxide in the 
copper conductor. With oil filled cables, 
of course, oxygen may be introduced by 
way of the reservoir oil fed into the core. 
Quantitative evaluation of each of these 
sources of oxygen leads us into another 
difficulty: if we measure the amount of 
oxidation products in the oil of some 
badly deteriorated cables, the correspond- 
ing amount of oxygen is so great that it 
could not have been all dissolved oxygen, 
and it is difficult to believe that such a vol- 
ume could have been inbreathed. So far 
we have not arrived at a satisfactory ex- 
planation. (See also discussion by K. S. 
Wyatt, A.I.E.E. Trans., v. 52, Dec. 1933, 
p. 1025-7.) 

This brings us to Arapakis’ second point: 
is it not possible that some of the combined 
oxygen may not have been liberated by elec- 
trical stress, as for example, electrolysis of 
moisture? This mechanism was considered 
in our earlier paper, but it could not explain 
many cases of deterioration. For example, 


in belted cable we found the radial power 
factor curves resemble 2 U’s in shape, one 
U for the core insulation and one for the 
belt. The upturn at the junction between 
core and belt was in many cases just as 
pronounced as at the conductor, even 
though there was no metal present to act as 
an electrode. These cases do not rule out 
electrolysis as a possible source of oxygen, 
but they show that it is not one of the im- 
portant sources in 3-conductor 24-kv 
cable such as we operate. 

The quantitative aspects of oxidation 
theory have been questioned by C. G. 
Brazier and D. M. Robinson. As we 
pointed out in replying to Arapakis, it is 
impossible at the present time to account 
other than qualitatively for the hydrophils 
present in many deteriorated cables. It is 
possible that the sulfur compounds in the oil 
contribute slightly to the hydrophil con- 
tent. The paper impurities are another 
possible source of hydrophil spread. Ara- 
pakis has suggested electrolysis of moisture. 
Qualitatively we have found that the major 
part of the deterioration such as we ob- 
serve in 3-conductor 24-kv cable is due to 
oxidation. Of course, as has been pointed 
out, air dissolved in the cable or inbreathed 
during operation may not be the only source 
of oxygen. With regard to the discon- 
tinuity in radial power factor curves ob- 
served in the paper by Roper (already re- 
ferred to ) at the junction between 2 types of 
paper in cable in which the insulation was 
graded, we think this is to be expected 
because the porosity and the purity of the 2 
papers would be entirely different. More- 
over, at such junctions there is a small but 
sharp change in specific inductive capacity, 
which may result in a steep local potential 
gradient which may cause gaseous ioniza- 
tion; in fact, we have observed in cables 
which have been subjected to load cycle 
tests with continuous overvoltage that 
small amounts of wax are sometimes formed 
at such a junction. We do not recall dis- 
continuities of the radial hydrophil curve in 
such cases, but since bombardment in 
vacuum of oxidized cable oil results in 
polymerization and condensation of the 
oxidation products and thus a marked re- 
duction in oxidation products as measured 
by the hydrophil method, we should expect 
a discontinuity in the radial hydrophil 
curve. As we pointed out in our earlier 
paper, there is no agreement between hydro- 
phil and power factor where gaseous dis- 
charge as evidenced by wax has taken 
place. The quantitative explanation of the 
deterioration phenomena in cables must 
wait upon more experimental work, and 
we consider it fortunate that attention 
has been drawn to this angle of the problem. 
We do not think that any possible mecha- 
nism such as electrolysis should be entirely 
discarded even though our limited observa- 
tions so far cause us to reject it. Elec- 
trolysis of moisture in cables, for instance, 
would be a most important finding, and 
we trust others who have a wider choice 
of service aged cable to work on will weigh 
carefully all possibilities. 

We are particularly pleased at Shanklin’s 
remark that our test method has proved 
of service since it was from his associate, 
G. M. J. MacKaye, that we first received 
encouragement to continue the search for an 
explanation of the U-shaped hydrophil 
curves, and later in connection with radial 
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power factor from Shanklin himself. The 
view that the best criterion of cable quality 
is life in service and that the nearest ap- 
proach to an accelerated test for it is the load 
cycle aging test is one with which we are in 
full agreement. We feel, however, that it 
may be possible to develop simpler, less 
complicated tests which will reveal the 
basic characteristics of oil impregnated 
paper upon which life in service chiefly 
depends, thus enabling us, except in occa- 
sional checks, to avoid the expensive load 
cycle tests. More micro-tests, in distinc- 
tion to over-all tests, are needed to measure 
the variation in properties of insulation 
from point to point. The radial tests 
for power factor and hydrophil layer by 
layer from sheath to conductor which we 
have described are just such tests, and we 
hope they will be the forerunner of many 


other such tests, giving new information. 


which the over-all test cannot give. There 
is a great deal of new information waiting 
to be obtained by those who develop new 
micro-tools such as the ingenious cell for 
measuring power factor of droplets of oil 
which H. H. Race has described. Another 
point Shanklin has raised is that if the over- 
all power factor of a length of cable does 
not increase appreciably during aging or 
operation, we need not be concerned with 
the radial power factor. This may not 
always be the case, however; for example, 
if we refer to figure 7 in Roper’s paper 
previously referred to, we notice a small 
hump in the middle of the radial curve. In 
the early stages of aging this peak increased 
but not sufficiently to increase the power 
factor of the whole cable, yet it was the de- 
fects indicated by this hump which appar- 
ently caused failure. Then again, a cable 
does not always age uniformly in a longi- 
tudinal direction: in the vicinity of joints, 
reservoirs, and split lead sheath deteriora- 
tion may go on concerning which the radial 
power factor method may give very useful 
information, of course only for post mortem 
purposes. 

Shanklin is somewhat worried over the 
tendency of modern cables to become too 
pure. We find ourselves quite free from 
such worries as a result of testing modern 
cable oils, papers, and the finished prod- 
uct; many kraft cable papers contain 
1 to 8 per cent lignins, resins, and other 
impurities which when extracted have a 
black tarry appearance and which catalyze 
oxidation of oil; inorganic material or 
“ash content” of cable papers runs 0.5 to 
1.5 per cent. Most cable oils contain 0.1 
to 0.5 per cent sulfur in addition to small 
amounts of oxidation products such as 
peroxides; we have also found traces of 
sulfuric acid esters in some cable oils, in 
addition to other impurities, and they con- 
tain considerable amounts of suspended 
material when seen under a Tyndall beam. 
The theorist who carries the idea of purity 
to extremes, we agree, is dangerous, but at 
present modern cables are so far removed 
from purity, even when no rosin is added, 
that there need not be the slightest worry 
on this score. Even were the cable pure, a 
little service would soon impart to it all 
those properties which Shanklin feels are 
so desirable for good life. We believe he 
has reference to petrolatum cable, the in- 
troduction of which was so disastrous some 
10 or 12 years ago. The cause of this 
trouble was not so much that the petrolatum 
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was too pure as that it had a set point in 
the operating temperature range of the 
cable. A contributing cause may have 
been the removal of all unsaturates from the 
petrolatum but we should not wish to call 
this purification, for a purified oil might well 
contain some stable unsaturates. By a 
pure cable oil we should refer to one from 
which most of the sulfur compounds, oxida- 
tion products, acid esters, and dirt had 
been removed. The theory that is cited, 
that if the oil and paper were made too pure 
the “wetting” properties and therefore the 
life would be impaired, has a good founda- 
tion; but, as we have pointed out, with 
present materials we need have no fear now 
nor probably for many years to come. 
We hardly believe that he would defend 
very strongly his statement that the only 
way to obtain a flat radial curve would be 
to use absolutely pure materials, since one or 
2 manufacturers are getting very nearly 
flat curves at the present time, and more- 
over, this cable shows up very well on a load 
cycle test. 

The statement that radial uniformity 
was a criterion of quality W. A. Del Mar 
feels was inaccurate, and that we should 
have referred to lack of erratic variation 
in radial power factor as acriterion. What 
he means is that if we have a cable insulated 
with 3 different density papers, each having 
different power factors, the radial power 
factor curves will not be flat but will re- 
semble 3 steps. Although this might be a 
good cable the radial power factor would 
not be uniform. In practice, if good 
quality papers were used, the difference 
in power factor would be very small, and 
the height of the ‘“‘steps’” imperceptible. 
Nevertheless, his point is well taken. 
We have been concentrating so long on 
studies of cable with grossly irregular 
radial power factors such as those shown 
by Roper in figure 2 of his discussion that 
we had overlooked the possibility of a small 
stepped effect in graded cables. However, 
we do not feel we have transgressed seriously 
and we still think the term radial uniformity 
is desirable if these exceptions can be borne 
in mind. 

We would not wish to see all other proper- 
ties of cable sacrificed in order to get an 
absolutely flat radial power factor curve of 
low value and nowhere in our paper did we 
express such a point of view. We are glad 
Del Mar brought out the point, however. 
There seems to be considerable evidence 
that cabies with badly erratic radial curves 
do not have as good a life in service. In 
his paper Roper has showi conclusively 
that the improvements in cable manufac- 
ture during the last 10 years have been ac- 
companied not only by lower but by more 
uniform radial power factor (figure 4). 
He has also shown that small radial irregu- 
larities may indicate a weakness which will 
cause failure. We have some evidence 
also from load cycle tests that cables with 
uniform radial curves of low value have a 
better life than those with more irregular 
characteristics. Then again, now that 
many utility systems have reached a more 
stable stage where cable lines will not be 
continually cut over and rerouted, we must 
give more consideration to 20 and 30 year 
life. The gradual increases in dielectric 
loss, which appear from radial studies to 
go on continually in those solid type cables 
which have high radial power factors at 


sheath and conductor to begin with, may 
well reach such values at the end of 20 
years that they will be an important fac- 
tor in breakdown. We feel that this is 
true of many of the older 24 kv cables we 
operate if they were loaded at maximum 
permissible temperatures. Other factors 
being equal, then, cable with uniform radial 
power factor is the most desirable because 
it indicates, among other things, good 
housekeeping in the cable factories. 

We refer Del Mar to our earlier paper 
(reference 1 of the present paper) where de- 
tails of the radial method are fully covered. 
There we stated that the tapes are un- 
wrapped from the cable and inserted in the 
cell for measurement. It seemed unneces- 
sary to state that we did not wipe the oil 
from the tapes or subject them to any other 
treatment before inserting then: in the cell; 
we do not think our omission of mention of 
all possible things that could have been done 
to the tape before measurement justifies 
the classification ‘‘uncertainty.” The 
simple fact is, if the tape is removed im- 
mediately from the cable and inserted in the 
cell without excessive fingering as we men- 
tioned, reliable results are obtained. We 
are pleased to learn of the greater accuracy 
that can be obtained at 1,000 cycles and we 
are pleased that Del Mar has again stressed 
the importance of eliminating end samples 
of cable from a reel if representative curves 
are to be obtained. Finally, we wish to 
call attention to an inaccuracy in his com- 
ments. He states that an error may occur 
if the thermometer is located some distance 
from the tape. We have gone over both 
our papers very carefully and fail to find 
any reference to a thermometer. In our 
original instrument we used a thermo- 
couple located as close as practically pos- 
sible to the paper tape. The accuracy 
was checked by inserting a thermocouple 
between the paper tapes during measure- 
ment. However, after an instrument has 
been calibrated and experience obtained 
with it, a thermometer may be inserted in 
the electrode and read directly, thereby 
saving some time. 

The data presented by Roper both in 
his paper and in his discussion are exceed- 
ingly interesting and show the valuable 
information that can be obtained by the 
use of the radial method. They very 
strongly support the papers which we have 
presented. We are also very pleased that 
J. B. Whitehead has emphasized the use 
of our apparatus and method for general 
research purposes. We agree with him that 
where oxidation is reduced to the point 
where it is no longer the overshadowing 
factor, other causes of irregular radial power 
factor will be identified. 

It has been reported that the brass 
electrodes of the cell for measuring power 
factor of paper tapes became covered with 
an invisible film of oxide after less than 2 
hours at measuring temperature sufficient 
to affect the accuracy of the results. One 
investigator has eliminated this trouble 
by plating the electrodes with rhodium. 
Another caution that should be mentioned 
here is that it is advisable to wipe the excess 
oil from the electrode with a clean cloth 
quite frequently, otherwise the film of oil 
which remains on the brass becomes oxi- 
dized and may affect the results. This is a 
precaution which we have observed through- 
out our work. 
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Of lastitute eA | Related Activities 


50th Anniversary of First A-C System in 
America to Be Widely Celebrated 


U> to January 20, 38 of the Institute’s 61 
Sections had signified their intentions of 
holding meetings on March 20 to celebrate 
the 50th anniversary of the establishment of 
the a-c system in America; 6 additional 
Sections expressed their willingness to co- 
operate fully in the celebration, although 
hampered by conditions peculiar to their 
specific programs. A few are able to meet 
the suggested date only approximately, and 
not all are able to devote their entire pro- 
grams. That the response has been so 
general makes evident the appreciation of 
the importance of the event in engineering 
history and the possibilities of emphasizing 
the contributions of the electrical engineer to 
social progress. 

The general plan, as announced pre- 
viously, is to have one meeting in New York 
City directly under the auspices of a central 
committee, which is headed by A. W. Berres- 
ford (A ’94, F ’14, and past-president), and 
voluntary meetings of Sections or regions at 
or about the same time. The details of the 
New York meeting have not been finally 
determined, but are progressing rapidly. 
Details of the local or voluntary meetings 
rest entirely with the Sections themselves. 
Essentially, the purpose of these meetings 
is to pay reverence to the men who advanced 
the science, the engineering, and the indus- 
try, and to stimulate and energize the pres- 
ent generation by citing their accomplish- 
ments and the developments of the past. 
Also, it is thought that the occasion offers 
opportunity to point out the social and eco- 
nomic significance of these achievements to 
the audiences and to the public in the local 
communities. 

The committee has made no attempt to 
develop set patterns or plans for meetings. 
Purely suggestively it is thought an inter- 
esting program could be developed upon the 
following basis: 


1. A paper of an historic character dealing with 
the initiation and growth of the a-c system in each 
local area. The men, the successive steps, the 
data on power supply at different stages of regional 
growth, and other facts would be brought out. 


2. A paper of a social and economic character, 
preferably in the form of an oration, that will de- 
pict the effects of the growth of the system either 
locally or nationally upon social and economic as- 
pects of life. Rich local citations can be made as 
well as national contributions that are of the great- 
est significance to the welfare of humanity. 


3. Honor all pioneers in the local industry by 
having them present and by giving brief citations of 
their careers and contributions. 


Such a meeting, with or without a dinner, 
could be interesting, informative, and stimu- 
lating and is possible of attainment through 
local efforts. 

Another suggestion embodies a modifica- 
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tion of this first plan by importing, so to 
speak, an outstanding leader or pioneer to 
give a suitable address as one part of the 
program. This should be arranged through 
local initiative, but the committee will be 
glad to help and make suggestions as to 
speakers. 

Another suggestion or modification is that 
younger engineers do the research and pre- 
sent the history of local electrical develop- 
ment each taking a particular field of ac- 
tivity for presentation. The remainder of 
the meeting then would embody a local or 
imported speaker or other variations. 

Another modification suggested is that 
stress be given to the local historical de- 
velopment of the a-c system as exemplified 
in the outstanding local installations, for 
example, Niagara Falls, Boulder Dam, and 
New Haven Railroad electrification. This 
would give more time for presentation of the 
detail of the engineering and the history of 
the engineers involved. This feature could 
be supplemented by the second type of ad- 
dress. 

The committee hopes that in the maxi- 
mum degree possible the papers and ad- 
dresses presented in local celebrations, and 
particularly those dealing with local de- 
velopment, will be put in manuscript form 
and transmitted to headquarters. If this is 
done universally, a mass of historical data 
not otherwise obtainable will be preserved 
for future record. 


Summer Convention Plans 


Under Way at Los Angeles 


Plans are well under way for the 1936 
A.I.E.E. summer convention, which is 
scheduled to be held at the Huntington 
Hotel, Pasadena, Calif., June 22-26, 1936. 
This is the first time in the Institute’s 52 
years that the annual summer convention 
has been held on the Pacific Coast; the 
second time west of the Rocky Mountains 
(Salt Lake City, Utah, 1921). It is expected 
that the Pacific Coast membership will 
turn out en masse; and preliminary plans 
for special trains from the East are being 
formulated. More about this will be avail- 
able in later issues of ELECTRICAL ENGI- 
NEERING. 

According to Past Vice President R. W. 
Sorensen (to whose long-exerted untiring 
efforts are largely credited the decision to 
hold the next summer convention on the 
Pacific Coast) the Pacific Coast is ‘“‘out to 
set a precedent” in connection with the 


forthcoming convention. Off to an early 
start, the following committee has been busy 
for the past 6 months orso: R.W. Sorensen, 
chairman; Fred Garrison, assistant to chatr- 
man; N. B. Hinson, vice chairman; O. W. 
Holden, secretary; J. C. Gaylord, treasurer; 
W..S. Peterson, technical program; G. A 
Riley, finance; E. L. Bettannier, transpor- 
tation; H. L. Caldwell, housing; R. A. 
Hopkins, entertainment; R. F. Gheen, 
sports; F. B. Doolittle, publicity; F. C. 
Lindvall, student activities; Mrs. Mable 
Rockwell, ladies; David Hall, registration; 
G. P. Garman, inspection trips. 


Middle Eastern District 
Executive Committee Meets 


A meeting of the executive committee of 
the A.I.E.E. Middle Eastern District (Num- 
ber 2) was held November 20, 1935, at the 
Bell Telephone Building, Pittsburgh, Pa. 
The following delegates attended: W. H. 
Harrison, vice president; H. A. Dambly, 
District secretary; H. L. Brouse, secretary, 
Akron Section; J. H. Lampe, secretary, 
Baltimore Section; L. L. Bosch, chairman, 
Cincinnati Section; F. E. Harrell, secretary, 
Cleveland Section; C. W. Fick, chairman, 
Cleveland Section; W. H. Reynolds, chair- 
man, Erie Section; Edgar Bell, secretary, 
Lehigh Valley Section; H. C. Albrecht, 
past-chairman, Philadelphia Section; C. A. 
Powel, chairman, Pittsburgh Section; J. R. 
MacGregor, secretary, Pittsburgh Section; 
W. A. Sumner, chairman, Sharon Section; 
W. F. Brown, vice chairman, Toledo Sec- 
tion; and H. L. Curtis, chairman, Wash- 
ington Section. 

Vice President Harrison reported briefly 
on the objectives and standing of the mem- 
bership. efforts of the Institute. He pre- 
sented figures from the report of the national 
membership committee submitted to the 
board of directors on October 22, 1935, 
showing 88 per cent paid up membership 
compared with 88.9 per cent in 1927 which 
was the best since 1920. 

A general discussion on membership ac- 
tivities and problems of Sections throughout 
the District followed. Among the various 
items discussed were methods used by the 
various Sections to bring about reinstate- 
ment of delinquent members, various ways 
of building up Section membership, and 
sources of new members. The importance 
of the membership revenues to the Institute 
and the consequent importance of continued 
efforts to build membership were stressed. 

In connection with the award of prizes for 
A.J.E.E. papers, it was pointed out that 
District prizes for any given calendar year 
shall be awarded prior to May 1 of the suc- 
ceeding year by the District executive com- 
mittee or by a committee appointed by the 
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District executive committee authorized to 
make such awards. Vice President Harri- 
son was authorized to appoint a prize paper 
committee. 

To serve on the District co-ordinating 
committee for the year ending June 30, 
1936, the following were appointed: C. A. 
Powel, Pittsburgh Section; J. H. Lampe, 
Baltimore Section; L. L. Bosch, Cincin- 
nati Section; Edgar Bell, Lehigh Valley 
Section; and A. H. Forman, West Virginia 
University, chairman of committee on Stu- 
dent activities. The District vice presi- 
dent and secretary are included also in the 
membership of this committee, in ex-officio 
capacities. 

Details of the plan to celebrate the 50th 
anniversary of the establishment of the 
a-c system in America on March 20, were 
discussed. All Sections were urged to cele- 
brate this occasion in a fitting manner. 

W. E. Wickenden, president, Case School 
of Applied Science, Cleveland, Ohio, was 
elected as the District delegate to the na- 
tional nominating committee. 

The meeting was concluded by a discus- 
sion of matters of Institute policy and Sec- 
tion programs and activities. Delegates 
from various Sections outlined plans under 
way in their respective Sections. Several 
reported the planning of lecture meetings 
and inspection trips to local points of inter- 
est. One Section reported that a series of 
combined lecture and dinner meetings is 
proving popular. Another Section an- 
nounced that a course in electronics would 
be available to members at an attractive 
rate. It was generally agreed that the best 
way to attract members to Section meetings 
is through good programs. To facilitate 
the planning of programs, a composite 
schedule of speakers and subjects for all 
Sections in the District is to be distributed 
through the Sections by the District secre- 
tary. 


North Central District 
Executive Committee Meets 


The annual meeting of the executive com- 
mittee of the Institute’s North Central Dis- 
trict (Number 6) was held December 16, 
1935, at the Telephone Building in Omaha, 
Neb. Those in attendance were: R. H. 
Fair, vice president; W. L. Cassell, chair- 
man, Denver Section; W. C. DuVall, chair- 
man, committee on Student activities; 
C. E. Winn, chairman, Nebraska Section; 
H. M. Craig, secretary, Nebraska Section; 
and T. H. Granfield, District secretary. 

One of the principal subjects discussed 
pertained to the question of possible revision 
of Section boundaries in District 6. The 
committee voted unanimously to go on rec- 
ord as favoring: 

1. That as a general principle all territory within 
the District be allocated to some Section. 


2. That the boundary lines of Sections within the 
District conform to the natural trade areas of the 
respective Section headquarters. 


3. That the Section boundary lines decided upon 
shall, in general, continue until such time as new 
Sections are added within the District, or other 
conditions make a change advisable. 


4, That when new Sections are established within 
the District their boundaries be established in ac- 
cordance with the foregoing. 
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The procedure to be followed in carrying out 
the allocation of territory to Sections in ac- 
cordance with the foregoing action was a 
subject of considerable discussion. The 
consensus of opinion was that the members 
in the trade areas of the present Sections in 
the District not already affiliated with either 
Section should be asked to express their 
preference as to which Section they prefer 
to be included in. 

Dean H. S. Evans of the University of 
Colorado, was unanimously chosen to repre- 
sent the District on the national nominating 
committee. The vice president was au- 
thorized to appoint an alternate if Dean 
Evans is unable to attend the meeting of this 
commnittee. 

The District committee on prize awards to 
act as judges in awarding prizes to the 
authors of papers presented at Section and 
Branch meetings during 1936 was selected. 
W. D. Hardaway of Denver was chosen to 
succeed himself as chairman; A. L. Turner 
was reappointed as representative of the 
Nebraska Section, and R. W. Lindsay was 
named the Denver Section representative. 

Membership activities were discussed in 
some detail. The advantages of joint meet- 
ings with Student Branches were discussed, 
and some of the features that have been 
carried out in connection with these meet- 
ings were reviewed. It was pointed out 
that contacts between practicing electrical 
engineers and Student members obviously 
would assist in counteracting the tendency 


of Branch members to drop out of the Insti- 
tute when they leave college. The execu- 
tive committee endorsed Professor DuVall’s 
plan for holding a District conference on 
Student activities at the University of 
Colorade in the spring of 1936 on a suitable 
date to be determined by him. 

The desirability of beginning to plan for 
the meetings to celebrate the 50th anni- 
versary of the establishment of the a-c sys- 
tem in America to be held next spring was 
pointed out, as neither the Nebraska nor the 
Denver Section is particularly well situated 
to arrange for a program of the type that 
the occasion seems to require. 


Winter Convention to Be 
Reported in March Issue 


As this issue goes to press, members and 
their guests have assembled in New York 
for the Institute’s 24th annual winter con- 
vention. With a first day’s registration of 
602 compared with 633 in 1935 and 433 in 
1934, and a second day’s registration of 444, 
compared with 301 in 1985 and 433 in 
1934, the outlook for a highly successful 
convention is excellent. 

A full report of the convention and its 
various attractions is scheduled for inclu- 
sion in the March issue. 


A Notable Gathering of Engineering Society 


Heads 


Tue growing importance of the engineer in public affairs and the necessity of calm, 
systematic thinking in politics and government were discussed analytically in a symposium 
“Ways That the Engineering Societies Can Serve” at a meeting of the Montclair (N. J.) 
Society of Engineers, January 3, 1936, in which the presidents of severai engineering so- 
cieties participated. In the group shown above are, left to right, front row: Admiral George 
H. Rock, president of the Society of Naval Architects and Marine Engineers, Arthur S. 
Tuttle, president of the American Society of Civil Engineers, and E. B. Meyer, president 
of the A.I.E.E.; back row: G. M. Lovejoy, president of the American Institute of Mining 
and Metallurgical Enyineers, F. D. Herbert, president of the Montclair Society of Engineers, 
and W. L. Batt, president of the American Society of Mechanical Engineers. 
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1936 Year Book 


to Be Issued Soon 


In accordance with the provisions of the 
1935-86 budget as approved by the finance 
committee and the board of directors, the 
1936 edition of the A.I.E.E. Year Book will 
be issued soon, in limited edition, but avail- 
able to all members of the Institute who have 
use for it. In keeping with the established 
custom, copies of the Year Book will be 
distributed automatically to all national, 
District and Section officers, to Student 
Branch Counselors, and to all members of all 
national committees. Other members wish- 
ing to secure a copy of the 19386 Year Book 
should file written requests with the A.I.E.E. 
order department at 33 West 39th Street, 
New York, N. Y., giving correct mailing 
addresses. 

The Year Book is not available to non- 
members of the Institute, nor is its use per- 
mitted for commercial, promotional, or 
other circularization purposes. 

Since the issuance of the Year Book in 
the style adopted for the edition of 1934, a 
question has arisen as to what constitutes 
the most useful style and arrangement of 
the Year Book. Consequently, to settle 
this point prior to the issuance of the forth- 
coming 1936 edition, the publication com- 
mittee circulated a questionnaire to all 
national, District, and Section officers, as 
well as to Student Counselors and members 
of national committees. The result of 
this poll was overwhelmingly in favor of 
the retention of the general style and ar- 
rangement adopted for the 1934 edition. 
Consequently, with but minor modifications 
designed to facilitate its convenient use, the 
1936 Year Book will be issued in the same 
form and size as was the 1934 Year Book. 


Accrediting of Colleges 
Begun by E.C.P.D. 


The program of inspection and accredit- 
ing of engineering curricula, which the En- 
gineers’ Council for Professional Develop- 
ment offered last year to schools granting 
engineering degrees, has been accorded a 
hearty response by 34 colleges and univer- 
sities in the New England and Middle At- 
lantic states. Inspections in these regions 
were begun late in 1935 and will be con- 
tinued actively during the next few months. 
When substantial progress has been made 
in these areas, it is expected that the pro- 
gram will be extended to engineering 
schools throughout the United States. The 
accrediting program has for its purpose the 
best development of engineering education 
by identifying those institutions that offer 
engineering curricula worthy of recognition 
as such. The second objective is to build 
up a list of accredited engineering schools, 
which it is hoped may be adopted uniformly 
by educational, technical, and state organi- 
zations now using dissimilar lists. 

Some 12 representative engineering insti- 
tutions in the New England states and 22 in 
the Middle Atlantic states have applied for 
crediting. Some of these already have been 
visited by the delegatory investigating com- 
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Future AIEE Meetings 


North Eastern District Meeting, 
New Haven, Conn., May 6-8, 1936 


Summer Convention, 
Huntington Hotel, Pasadena, Calif., 
June 22-26, 19386 


South West District Meeting, 
Dallas, Texas, Nov. 2-4, 1936 


Southern District Meeting, 
Birmingham, Ala., Dec. 1936 


mittees. The plan being followed in the ac- 
crediting procedure is that outlined in pre- 
ceding issues of ELBCTRICAL ENGINEERING 
(February 1935, pages 249-50; March 1935, 
page 343; and August 1935, page 895). 


1936 Washington Award 
Goes to C. F. Kettering 


According to a recent announcement, Dr. 
C. F. Kettering, vice president in charge of 
research, General Motors Corporation, De- 
troit, Mich., has been elected to receive the 
Washington Award for 19386. Selected from 
a field of some 26 candidates, Doctor Ketter- 
ing receives the award “‘as an outstanding 
engineer who has rendered pre-eminent serv- 
ices in promoting the public welfare 
through his outstanding contributions to the 
increase of personal mobility and his driving 
force for the cause of research as an instru- 
ment to increase the welfare and happiness 
of all mankind.” A biographical sketch of 
Doctor Kettering appears on page 218 of this 
issue. 

The award, which consists of a suitable in- 
scribed bronze plaque mounted upon a 
marble base, will be formally presented to 
Doctor Kettering at a dinner to be held in 
Chicago, Ill., on February 27, the time and 
place to be determined later. He is the 
eleventh noted American engineer to re- 
ceive the Washington Award, since its 
foundation in 1916 by John Watson Alvord 
of Chicago. 

The award is given annually, when de- 
serving candidates are found, by the Wash- 
ington Award Commission as ‘‘an honor 
conferred upon a brother engineer by his 
fellow engineers on account of accomplish- 
ments which pre-eminently promote the 
happiness, comfort and well-being of hu- 
manity.’”’ The commission is composed of 
18 members, representing the following 5 en- 
gineering societies: The American Society 
of Civil Engineers, The American Institute 
of Mining and Metallurgical Engineers, The 
American Society of Mechanical Engineers, 
The American Institute of Electrical Engi- 
neers, and the Western Society of Engineers. 

The award was the outgrowth of an en- 
dowment and a suggestion of Mr. Alvord 
in 1916 that there should be some means of 
recognizing outstanding engineers who ren- 
der pre-eminent service in promoting the 
public welfare. The idea was proposed 
originally to the Western Society of Engi- 


neers, which soon invited the other societies 
to participate in the award. They accepted, 
and the award has since come to be recog- 
nized as one of the highest honors that can 
be conferred upon an American engineer. 

The first award was conferred in 1919. 
Several years have intervened in which no 
award has been made because the commis- 
sion discovered no candidate it deemed eli- 
gible for the high recognition. Previous 
recipients of the honor have been: 


1919 Herbert C. Hoover (HM ’29) “‘for his pre- 
eminent services in behalf of the public wel- 
fare.”’ 

Robert W. Hunt, ‘‘for his pioneer work in the 
development of the steel industry and for a 
life devoted to the advancement of the engi- 
neering profession.’’ 

Arthur N. Talbot, ‘‘for his life work as stu- 
dent and teacher, investigator and writer and 
for his enduring contribution to the science of 
engineering.”’ 

John Watson Alvord, ‘‘for his pioneer work 
in developing the fundamental principles of 
public utility valuation and his marked con- 
tributions to sanitary science.” 


Orville Wright (A ’31), “‘for fundamental 
scientific research and resultant successful 
airplane flight.’’ 

Michael Idvorsky Pupin (A ’90, F 715, HM 
728, member for life, and past-president), 
“for devotion to scientific research leading to 
inventions which have materially aided the 
development of long distance telephony and 
radio broadcasting.”’ 

Bion Joseph Arnold (A ’92, M ’93, F 712, 
member for life, and past-president), ‘‘for 
pioneering work in the engineering and eco- 
nomics of electrical transportation.”’ 

Ralph Modjeska, “for his contribution to 
transportation through superior skill and 
courage in bridge design and construction.’’ 
William David Coolidge (A ’10, F 34), “‘for 
his scientific spirit and achievement in de- 
veloping ductile tungsten and the modern 
X-ray tube.”’ 

Ambrose Swasey (HM ’28), ‘‘for his dis- 
tinguished contributions as a builder of in- 
struments, institutions, and men.”’ 


1922 
1923 
1926 


1927 


1928 


1929 


1930 


1932 


1935 


Junior Award of A.S.M.E. At the recent 
annual meeting of The American Society of 
Mechanical Engineers held in the Engineer- 
ing Societies Building, New York, N. Y., the 
Junior Award of the society was presented 
to S. J. Mikina, research engineer, of the 
Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa. The award 
was based upon his paper ‘‘Effect of Skew- 
ing and Pole Spacing on Magnetic Noise in 
Electrical Machinery.” Mr. Mikina has 
been with the Westinghouse company since 
graduating from the University of Michigan 
in 1930, and is now a member of the com- 
pany’s research staff, specializing in studies 
concerned with noise and vibration in elec- 
trical equipment. 


Perkin Medal Presented. The Perkin 
Medal of the Society of Chemical Indus- 
try was presented to Warren K. Lewis, 
professor of chemical engineering at Massa- 
chusetts Institute of Technology, Cam- 
bridge, at a meeting of the society held 
on January 10, 1936. This meeting was 
held jointly with the American Chemical 
Society. The award to Professor Lewis has 
been made “‘in recognition of his creative 
activities as the father of modern chemical 
engineering, and his training of and inspira- 
tion to many of the present and potential 
leaders in the profession.’’ 
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Columbia University 
Offers E.E. Scholarship 


The governing bodies of Columbia Uni- 
versity have placed at the disposal of the 
A.I.E.E. each year, a scholarship in elec- 
trical engineering in the school of engineering 
of Columbia University for each class. 
The scholarship pays the annual tuition 
fees of $380. Reappointment of the student 
to the scholarship for the completion of 
his course is conditioned upon the main- 
tenance of a good standing in his work. 

To be eligible for the scholarship, the 
candidate recommended will have to meet 
the regular admission requirements, in 
regard to which full information will be sent 
without charge upon application to the 
secretary of the University or to the national 
secretary of the Institute, 33 West 39th 
Street, New York, N. Y. 

In a letter addressed to the national 
secretary of the Institute, an applicant for 
this scholarship should set forth his quali- 
fications (age, place of birth, education, 
references to any other activities, such as 
athletics or working way through college, 
reference, and photograph). A committee 
composed of W. I. Slichter, chairman, 
Francis Blossom, and H. C. Carpenter will 
consider the applications and will notify 
the authorities of Columbia University of 
their selection of a candidate. The last 
day for filing of applications for the year 
1936-37 will be June 1, 1936. 

The course at the Columbia school of 
engineering is a graduate course which may 
be either elective leading to the degree of 
master of science or prescribed leading to 
the degree of electrical engineer. For the 
former, requirement for admission is the 
completion of 4 year course in electrical 
engineering as evidenced by a bachelor’s 
degree from an approved institution. For 
the professional degree, the requirements 
are more specific as to course content and 
include a considerable proficiency in mathe- 


matics, physics, and chemistry, and some 
knowledge of the humanities, as well as the 
usual undergraduate technical courses. 
The candidate is admitted on the basis of 
his previous collegiate record, without under- 
going special examinations. Other quali- 
fications being equal, members of the 
Student Branches of the A.I.E.E. will be 
given preference. 

The purpose of this advanced course is 
to produce a high type of engineer, trained 
in the humanities as well as in the funda- 
mentals of his profession, It is hoped that 
Enrolled Students and others qualified will 
show a keen interest in this scholarship. 


Pamphlet on The Earth’s Magnetism. A 
publication of the Coast and Geodetic 
Survey of the U.S. Department of Com- 
merce, gives a sketch of the development of 
knowledge relating to the earth’s magnet- 
ism, describes the methods and instruments 
used in its measurement, sets forth some of 
the important results of magnetic surveys 
and operation of magnetic observatories, 
outlines some of the theories advanced to 
account for the earth’s magnetism and its 
changes, and points out how closely it is 
related to earth currents, atmospheric elec- 
tricity, solar activity, and auroras. This 
publication, entitled ‘‘The Earth’s Mag- 
netism,’’ is special publication No. 117, 
issue of 1925, of the Coast and Geodetic 
Survey, and may be obtained from the 
Superintendent of Documents, Government 
Printing Office, Washington, D. C., at 15 
cents each. 


Gaston Planté Medal to Be Established. 
The Société Francaise des Electriciens has 
announced the institution of a ‘‘Gaston 
Planté Medal,” consisting of a silver-gilt 
medal to be awarded every 3 years and ac- 
companied by a sum in cash of 4,000 francs, 
this medal to be awarded any person regard- 
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As of January 2, 1936, there have been received applications for 
membership in the Institute to the number of 522 since May 1935, 
whereas in the corresponding period last year the number was 468. 
This represents an increase in applications for membership of 11.5 


ue to your participation in sending in names of those you 
he Institute and to the wonderful 
of the Section membership committees in carrying on con- 
tinuously with the contacting of new members, the working with 
former members toward reinstatement, and the bringing of Enrolled 
Students to Associate membership. f 

Those good results are yours as you continue to send in new member 
your Section membership committee. 


think should be invited to join t 


Chairman National Membership Committee 
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less of nationality, who makes an important 
contribution in the fields of electric storage 
batteries, voltaic cells, or electrochemistry 
in general. The electrotechnical societies 
and committees of each country may pro- 
pose a name to the commission of awards. 
The names of candidates, together with their 
publications (accompanied by a French 
translation whenever possible) should be 
sent to the commission of award at least 6 
months before the award of the medal. 
The first award will take place in June 1937. 
All correspondence relative to the Gaston 
Planté Medal should be addressed to the 
president of the Société Francaise des 
Electriciens, 14 avenue Pierre Larousse, 
Malakoff (Seine), France. Announcement 
of the celebration of the centenary of Gaston 
Planté, who contributed much to the early 
development of the storage battery, was 
given in ELECTRICAL ENGINEERING for July 
1933, page 508. 


Bibliography on Vibration 
in Electrical Conductors 


A revised bibliography on vibration, fa- 
tigue, and associated phenomena in elec- 
trical structures has been prepared under the 
auspices of the A.I.E.E. power transmission 
and distribution committee. Since more 
than 2,350 references are included in the 
work, it is more inclusive than previous 
issues, the first of which was completed in 
1932, and the second in 1983. 

Although only about 100 copies of the 
bibliography are available, an effort is being 
made to place a copy in the hands of each 
individual or organization recognized as 
studying the subject extensively. It is 
suggested that members interested in re- 
ceiving a copy should write to either C. S. 
Rich, secretary, technical program com- 
mittee, A.I.E.E. headquarters, 33 West 
39th Street, New York, N. Y., or the com- 
piler, A. E. Davison, c/o Hydro-Electric 
Power Commission, secretary, A.I.E.E. 
power transmission and distribution com- 
mittee, 620 University Avenue, Toronto, 
Ontario, Can. 


226 Kv Underground Cable. In Paris, 
France, there has been installed a 3-phase 
220-kvy underground cable, designed to 
carry a load of 160,000 kw and tieing to- 
gether 2 substations of the Inter-Paris 
Societe d’Electricite de Paris and Union 
d’Electricite. The cable employed is of 
the oil-filled single-core Pirelli type; it 
has a copper section of 0.55 square inch and 
an over-all diameter of 3.35 inches.—Elec- 
trical Digest. 


A.S.T.M. to Meet in Pittsburgh. On 
March 4, 1936, the American Society for 
Testing Materials will hold a regional meet- 
ing at the Hotel William Penn, Pittsburgh, 
Pa. The meeting will consist of a sym- 
posium on high-strength constructional 
metals comprising 5 papers dealing with 
copper, aluminum, and magnesium alloys, 
nickel and its alloys, carbon and low-alloy 
steels, and corrosion-resisting steels. 
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Westinghouse Company 
Celebrates 50th Anniversary 


To celebrate its 50th anniversary, the 
Westinghouse Electric and Manufacturing 
Company gathered together its employees 
in special meetings held simultaneously on 
the evening of January 8, 1936, in cities 
where the company is represented by fac- 
tories, offices, warehouses, subsidiaries, or 
dealers. This date was exactly 50 years 
from the date in 1886 when the company 
was granted its original charter “for the 
manufacture of electrical products.’”’ The 
headquarters anniversary meeting was held 
in Pittsburgh, Pa., and provided the key 
program for all other meetings. The cele- 
bration was featured by addresses by A. W. 
Robertson (A’27) chairman of the board, 
and F. A. Merrick (A’07) president. Short- 
wave radio communication was used to link 
together this country-wide celebration. 

In his remarks, Mr. Merrick said, speak- 
ing of the company’s original charter: ‘““The 
real charter under which Westinghouse 
Electric was founded is the spirit of pro- 
gressiveness, courage, integrity, and hu- 
manity, under which it has forged ahead to 


its eminent position of service in our mod- 
ern life.” 

Mr. Robertson outlined some of the high 
lights in the history of the company, which 
parallels very closely the history of the 
electrical industry in general. He illus- 
trated the tremendous advances made in 
the application of electricity to everyday 
life by drawing vivid contrasts between the 
situation in 1886 and that in 1936. Heem- 
phasized the many contributions that the 
Westinghouse company has made to the 
development of the electrical industry, 
many of which were pioneering efforts over 
unchartered ways. 

Speaking of the fundamental contribu- 
tion that Westinghouse has made in the 
establishment and subsequent development 
of the a-c system, Mr. Robertson said: ‘‘The 
present universal use of alternating electric 
current is due in no small measure to the 
prophetic vision of George Westinghouse. 
It took courage to oppose the great Edison 
but Mr. Westinghouse was not lacking in 
courage. The Westinghouse organization 
has never lost the spirit of courage, enthu- 
siasm, and foresight instilled into it from the 
day of its birth by its founder. These 
traits are basic elements in the character of 


Electric Shovel Handles 50 Tons at One Scoop 


So aaa NEE 


Worn the ability to pick up a 50 ton load at one scoop and place it on top of an ordi- 
nary 6 or 7 story office building, this power shovel recently was placed in service in coal 
stripping operations by the Northern Illinois Coal Corporation. The machine was built 
by the Marion Steam Shovel Company, Marion, Ohio, and its electrical equipment was 
furnished by the General Electric Company, Schenectady, N. Y. One outstanding feature 
of the machine is its immense dipper, which measures 92/3 by 81/3; by 16!/3 feet, and which 
has a rated capacity of 32 cubic yards, or approximately 40 cubic yards heaping full. The 
dipper is fabricated from aluminum plates and castings, with an armor of special wear- 
resisting steel at the points. The boom is more than 100 feet long and the dipper handle 
more than 65 feet in length. Despite its size and capacity, one complete cycle of operation 
can be accomplished in from 45 to 50 seconds, which will enable the shovel to move more 
than 1,000,000 cubic yards of material per month. The shovel is driven by electric motors, 
and the equivalent ratings of all motors and generators on the machine total more than 
3,500 horsepower. The shovel is controlled by newly developed magnetic equipment. 
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the institution. No one could visualize a 
Westinghouse organization without them.” 

Mr. Robertson described also the part 
that the Westinghouse company played in 
the development of hydroelectric power at 
Niagara Falls, its early promotion of the 
steam turbine, its pioneering efforts in radio 
broadcasting, and many other advances in 
the field of electrical machinery, electrical 
transportation, and the generation, trans- 
mission, and distribution of electric power. 

Speaking of the past with respect to the 
future of the company, Mr. Robertson said: 
“Westinghouse has survived for more than 
2 generations because it deserved to survive, 
and for no other reason. The company has 
served the world well and the world has re- 
warded it well. The past is an open book. 
We of the present read it with pride and 
with due respect for the accomplishments of 
the past. The future lies before us un- 
known. The destiny of the Westinghouse 
Electric Manufacturing Company is now in 
our hands. If the past history was great, it 
was great because the men of Westinghouse 
were great men. If we have a great future, 
it will be for the same reason, namely, that 
the men of Westinghouse are great men. 
They must have courage, industry, and 
foresight... . 

“Tt is useless to point to the past with 
pride. The key of the past will not open the 
door of the future; but continued applica- 
tion of courage, enthusiasm, and foresight 
will carry Westinghouse to heights beyond 
our imagination. Westinghouse men have 
raised the banner of the Westinghouse com- 
pany high. It is our duty and privilege to 
keep it high.” 


Editor and Engineer 
F. R. Low Dead at 75 


Fred R. Low, an international figure in 
journalism and engineering, died at 6 
a.m., January 22, at his home in Passaic, 
New Jersey, where he had been critically 
ill for several years. He was 75 years old. 

A self-made man, whose formal schooling 
stopped as a result of severe illness when 
he was 14, Mr. Low achieved wide recogni- 
tion as an engineer and technical editor. 
At the time of his death, he was editor 
emeritus of the engineering journal Power, 
following 42 years (1888-1930) as its chief 
editor. He was a past-president (1924) 
of the American Society of Mechanical 
Engineers, former mayor of Passaic, honor- 
ary member of the British Institution of 
Mechanical Engineers and honorary doctor 
of engineering, Rensselaer Polytechnic In- 
stitute. 

At the time of his death, Mr. Low was 
still chairman of 2 important A.S.M.E. 
committees, dealing respectively with the 
codification of safety rules for the construc- 
tion of steam boilers and unfired pressure 
vessles, and the rules for testing boilers, 
turbines, engines, and other power equip- 
ment, 

Mr. Low was an honorary member of 
the National Association of Practical Re- 
frigerating Engineers and of the National 
Board of Boiler and Pressure Vessel In- 
spectors; a member of the National 
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Association of Power Engineers, the Vereines 
Deutscher Ingenieure, the Newcomen So- 
ciety, the Engineer’s Club of New York, 
and long active in several civic and fraternal 
organizations. | He was past-president of 
the Passaic City Club. 

Mr. Low was noted for his unobstrusive 
friendliness, his simple directness and prac- 
ticality in speech and writing, and his rich 
fund of humor. He was aman of few words, 
but these notable. 


N.E.M.A. Standards for 
Power Switching Equipment 


The National Electrical Manufacturers 
Association has just released a new publica- 
tion entitled, ‘NEMA Power Switching 
Equipment Standards,” publication 35-28, 
which supersedes the power switching equip- 
ment section of the “NEMA Switchgear 
Standards,’ Number 31-10, published in 
1931. This is the first of a series of publica- 
tions which will supersede the various sec- 
tions of the switchgear standards. 

The new power switching equipment 
standards contain many new standards 
among which are several covering insulator 
units, such as rating, basis of rating, and 
flashover values for insulator units ranging 
in voltage from 7.5 to 220 kv. Several new 
standards for testing insulators have been 
added, comprising standards for cantilever, 
tensile, compression, and torsional strength. 
A separate section on definitions of terms is 
included. <A section also is devoted to in- 
stallation and care, and operation of power 
switching equipment. 

The publication consists of 48 pages 
with an index and is 8 by 10!/2 inches in 
size. Copies may be obtained at 75 cents 
each from the N.E.M.A., 155 East 44th 
Street, New York, N. Y. 


Iron and Steel Electrical 
Engineers Elect Director 


The board of directors of the Association 
of Iron and Steel Electrical Engineers re- 
cently elected Brent Wiley to serve as 
managing director of that society. He 
succeeds the late J. F. Kelly. 

Mr. Wiley graduated from Rose Poly- 
technic Institute, Terre Haute, Ind., in 1898, 
with the degree of bachelor of science in 
electrical engineering, later being awarded 
the degree of master of science. He has 
been closely associated with the steel 
industry for the past 37 years. 

After leaving college, he spent one year 
in the electrical department of the Ohio 
works of the Carnegie-Illinois Steel Cor- 
poration, later going to the Homestead 
works of the same company as the assistant 
to the electrical superintendent. In 1904, 
he went with the Wellman-Seaver-Morgan 
Company in Cleveland, Ohio, as electrical 
engineer, and in 1906 became associated 
with the Westinghouse Electric and Manu- 
facturing Company, where he remained 
for the next 25 years. Here he was con- 
cerned principally with the development 
of the electrification of the steel industry. 


FEBRUARY 1936 


Neer ce Eng oS ae (Creal 


Sixteenth Annual Meeting 


Held in Washington, D. C. 


Tue sixteenth annual meeting of Ameri- 
can Engineering Council was held in Wash- 
ington, D. C., on January 10 and 11, 1936. 
Delegates from the 42 member organiza- 
tions discussed the growing evidence of 
unity in the profession as to the formulation 
and dissemination of opinion on matters of 
public affairs. The assembly acted upon 
reports from 16 major and minor committees 
and subcommittees of the Council, listened 
to stimulating addresses at the “‘ail engi- 
neers dinner,’’ attended by some 450 en- 
gineers, and left Washington with renewed 
expressions of the opportunities for ad- 
vancing the public interest and for main- 
taining high professional standards through 
the agency of A.E.C. A report of the meet- 
ing, as furnished by Frederick M. Feiker, 
executive secretary, follows. 

At the morning session at the Mayflower 
Hotel, January 10, President J. F. Coleman 
opened the meeting with an address on the 
essential elements in reviving the construc- 
tion industry. Then followed in cider a 
series of reports and discussions covering a 
wide range of subjects of timely interest to 
engineers. 


SURVEY OF THE PROFESSION 


George T. Seabury, chairman of the engi- 
neering and allied technical committee, re- 
ported on the preparations made for the 
“Survey of the Engineering Profession’ 
conducted by the bureau of labor statistics 
of the U.S. Department of Labor. Dr. 
Isador Lubin, chief of the bureau, reported 
extensively, basing his remarks on returns 
from more than 60,000 questionnaires, the 
largest survey of this kind ever conducted. 
He indicated that the findings would tend 
to give direction to engineeringe ducation, to 
choice and distribution of occupation, and to 
compensation of engineers. It is expected 
that fuli returns will be available in the 
early spring. It was voted to recommend to 
the executive committee of Council that 
steps be taken toward private publication 
of a mass of detailed information to supple- 
ment the government report. 

Dr. Leonard D. White, U.S. civil service 
commissioner, discussed the needs for a 
widely extended civil service to include state 
and local governmental bodies as well as 
federal, in order to uphold the professional 
standards of engineers in the public service. 
Discussion developed that classification by 
position is essential in the development of a 
suitably paid civil service. It was voted to 
instruct the executive committee to take the 
steps necessary to put these basic concepts 
into action, especially in co-operation with 
local and state engineering societies. 


Economic BALANCE 
TowaRD HIGHER STANDARDS 


Ralph E. Flanders presented the third 
progress report of the committee on the in- 


terrelation of production, distribution, and 
consumption. In 108 classified questions 
and answers, there was presented a cate- 
chism on the engineers’ concept of the possi- 
bilities of an economic balance in the inter- 
ests of a high standard of living for all. 
The report was accepted with the recom- 
mendation of the committee that all dele- 
gates study it, secure local disctission on its 
major objectives and detailed recommenda- 
tions, and report back February 1, with the 
plan of presenting the report publicly as 
soon as possible thereafter as the engineers’ 
contribution to the national welfare. 

Charles W. Eliot, II, executive officer of 
the national rescurces committee, discussed 
the purposes and plans of that body in for- 
warding a state and local as well as a federal 
concept of planning. The need of approach- 
ing planning from a local and regional view- 
point was especially emphasized. It was 
voted to refer the bill (S. 2825) now before 
the Senate, providing for the continuation of 
the federal organization on a permanent 
basis, to the public affairs committee of 
Council for recommendations. 


PuBLIC AFFAIRS REPORTS 


The public affairs committee, under the 
chairmanship of F. J. Chesterman of Pitts- 
burgh, has been organized under a new plan 
during the past year with several subcom- 
mittees active in studying public problems 
which fall within the purview of the profes- 
sion. For co-ordination, the subcommittee 
chairmen are members of the national com- 
mittee and steps are being taken to make the 
membership of subcommittees overlap with 
that of similar committees of national, state, 
and local engineering societies. As a result 
of this work, the reports rendered at the 
annual meeting cover basic findings in a 
broad variety of fields. 

The subcommittee on the administration 
of public works, F. M. Gunby, chairman, re- 
affirmed Council’s past position that engi- 
neering public works of the federal govern- 
ment, insofar as practicable, should be con- 
centrated under one qualified head. 

The water resources committee, headed 
by W. S. Conant, reiterated its belief in 2 
fundamental needs for the formulation of a 
water resources policy: (1) complete and 
co-ordinated basic data bearing on the sub- 
ject, and (2) comprehensive study of water 
control legislation. The establishment of a 
body similar to the board of surveys and 
maps of the federal government for the 
correlation of government data on water 
resources was recommended. 

As a result of the work of the aeronautics 
subcommittee, headed by Grover Loening, 
the public affairs committee adopted a re- 
port supporting aeronautical research by the 
colleges, disfavoring further investigations 
of the industry, recommending further 
studies toward the simplification of air- 
craft construction regulations, and favoring 


215 


the placement of employees of the bureau of 
air commerce under civil service. 

The committee on competition of govern- 
ment with engineers in private practice, 
under the chairmanship of Alonzo J. Ham- 
mond, advocated the curtailment of com- 
petitive activities by government and the 
raising of consulting fees by public bodies to 
a basis comparable with private practice. 


RURAL ELECTRIFICATION 


R. W. Trullinger of the U.S. Bureau of 
Agricultural Engineering reported on the 
activities of a subcommittee, made up of 
members of the American Society of Agri- 
cultural Engineers, a member body of 
Council, to forward the rural electrification 
program-through the aid of engineers. It 
was voted that this work continue under a 
committee representative of the profession 
as a whole. 

The assembly received a report of the 
committee on patents, Dean A. A. Potter, 
chairman, dealing with the elimination of 
fraudulent practices, the use of a single sig- 
nature on patent applications, the valida- 
tion of joint patents, and the extension of 
the full rights of inventors. In addition, 
several specific items of legislation were pre- 
sented as under consideration by the com- 
mittee. It was recommended that the 
work of the committee be continued. 


MAPPING 


The assembly adopted the recommenda- 
tions of the executive committee that Coun- 
cil establish a new committee on mapping 
and surveys and that it endeavor to orga- 
nize public opinion as to the basic need for 
completing the map of the United States. 
It was voted to support the original Temple 
Act to the end that its purposes be effectu- 
ated by appropriations based upon the fun- 
damental values of mapping and not on a 
relief basis. 


ALL ENGINEERS DINNER 


The annual all engineers dinner of Coun- 
cil, held on the evening of January 10, filled 
the main ballroom of the Mayflower Hotel. 
Some 450 engineers, representing all the 
major branches of the profession, were in at- 
tendance. Dr. Harrison E. Howe, editor, 
Industrial and Engineering Chemistry, 
proved a brilliant toastmaster. 

Following the dinner, an engrossed reso- 
lution was tendered to J. F. Coleman in 
appreciation for his services as president of 
Council during the past 2 years. Dr. Wil- 
liam McClellan, president of the Potomac 
Electric Power Company and chairman of 
the dinner committee, made the presenta- 
tion. He told how Mr. Coleman had been 
successful in carrying Council through a 
critical period in its history. Dean A. A. 
Potter was introduced as the new president 
of Council. He stressed the need for soli- 
darity of engineering opinion. 

Dr. William F. Durand, chairman of the 
Third World Power Conference, past-presi- 
dent of The American Society of Mechani- 
can Engineers, and John Fritz Medalist for 
1935, discussed the deeper functions of the 
engineer. He stated that engineers are the 
custodians of natural resources such as 
minerals, coal, and oil but are not fully 
living up to their responsibility in consery- 
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ing these resources. The profession, he 
said, must concern itself not alone with tech- 
nical matters, but increasingly with human 
and social problems. 

Ralph E. Flanders, past-president of the 
A.S.M.E., directed his remarks toward a 
reply to a recent address by Walter Lipp- 
man before the American Medical Society. 
Mr. Lippman had stated that the engineer 
is a master of material resources, but that 
the application of his material concepts do 
not work in solving human problems. Mr. 
Flanders stated that on the contrary every 
phase of the engineer’s work is intensely 
human in its application and relationships. 
He predicted that engineering technique will 
carry the nation far beyond the ‘“‘miserable 
physical standards of 1929.” 

The meeting was addressed also by the 
presidents or secretaries of each of the 7 na- 
tional engineering societies holding mem- 
bership in Council, and by the chairman of 
the sixth conference of the secretaries of 
engineering societies. Those present were 
unanimous in affirming their support to the 
continued leadership of Council as a unify- 
ing influence in engineering affairs. 


New OFFICERS 


Council’s new president for 1936 and 
1937 is Dr. A. A. Potter, dean of the schools 
of engineering, Purdue University, who suc- 
ceeds J. F. Coleman of New Orleans. New 
vice presidents are: Ralph E. Flanders, 
president of the Jones and Lamson Machine 
Company, for a 2 year term; and J. S. 
Dodds, professor of civil engineering, Iowa 
State College, for a one year term. 

The chairman of the public affairs com- 
mittee and of the committee on membership 
and representation were made ex-officio 
members of the executive committee of 
Council. The present public affairs chair- 
man is F. J. Chesterman. C. O. Bickel- 
haupt, who heads the membership group, 
already is a member of the executive com- 
mittee as vice president of Council. In 
addition to these, the executive committee 
includes Alonzo J. Hammond, vice presi- 
dent, C. E. Stephens, treasurer, and William 
McClellan, chairman of the finance com- 
mittee, who were re-elected. Frederick M. 
Feiker was re-elected executive secretary. 


SECRETARIES’ CONFERENCE 


Preceding the meeting of the assembly of 
Council, there was held on January 9 the 
sixth conference of secretaries of engineer- 
ing societies. Some 30 national, state, and 
local societies were represented. The morn- 
ing program developed the possibilities and 
opportunities for co-operation and co-ordi- 
nation on matters of public affairs through 
state societies, national societies, and the 
AGE; 

Both at this session and at the subsequent 
Council session on public affairs, the de- 
velopment of local and state public affairs 
committees was carried forward and both 
meetings favored the further co-operation of 
present organizations to develop united 
action in these matters. 

Speakers at the secretaries’ conference 
included: J. F. Coleman, on “Progress in 
Engineering Organization’; General R. I. 
Rees, of New York, on ‘“‘Opportunities for 
Unity Among Engineering Organizations’’; 
and Col. J. M. Johnson, assistant secretary 


of commerce, on ‘“The Engineer in Govern- 
ment and Business.” Other topics in-~- 
cluded co-operation with national, state, and 
local secretaries; employment activities; 
engineering publicity; nontechnical pro- 
grams; and engineering society manage- 
ment. 

On adjournment of the secretaries’ con- 
ference, an informal tea and reception was 
held at the home of Mr. and Mrs. F. M. 
Feiker in honor of Mr. and Mrs. J. F. Cole- 
man and Dean A. A. Potter. 


| Pein 


ESundanern 


New Appointments to 
Alloys of Iron Committee 


Appointment of 3 representatives of the 
steel industry to the alloys of iron research 
committee of the Engineering Foundation, 
which is carrying on world research em- 
bracing the entire body of knowledge of 
steel, alloy steel, alloy iron, and cast, 
wrought, and pure iron, is announced by the 
director of the Foundation, Dr. Alfred D. 
Flinn. Dr. John Johnston, director of 
research of the United States Steel Corpora- 
tion, was named to the committee to repre- 
sent the American Iron and Steel Institute. 
Wilfred Sykes (A’09, F’14) a director of the 
Inland Steel Company, becomes a member- 
at-large, succeeding the late Dr. John A. 
Mathews, who was vice president of the 
Crucible Steel Company of America. The 
other new member is James T. Mackenzie, 
metallurgist and chief chemist of the 
American Cast Iron Pipe Company, who 
takes the place of R. E. Kennedy, technical 
secretary of the American Foundrymen’s 
Association. 

Wide advances in the use of alloys were 
reported by the Foundation as the result 
of the scientific investigations being con- 
ducted in laboratories in many countries. 
“Tnterest in these ferrous metals is growing 
rapidly and use is increasing through spread 
of knowledge of their properties,’ said the 
report, pointing out that the Foundation’s 
critical survey will go forward in 1936 with 
the support of American science and indus- 
try and of metal experts in many countries. 

Nearly 150 men, including some of the 
world’s foremost specialists in alloy steels, 
physical and works metallurgists, physicists, 
chemists, engineers, and superintendents of 
alloy steel plants, are co-operating with the 
committee, of which Prof. George B. Water- 
house of Massachusetts Institute of Tech- 
nology is chairman. The committee’s col- 
lection of classified abstracts now numbers 
15,300, with those in foreign languages 
translated into English. Already, 6 mono- 
graphs have been issued, 9 are in prepara- 
tion, and 5 more are planned. The work, 
on which about $125,000 has been spent, is 
described as “‘the most extensive search of a 
branch of technical literature ever under- 
taken” and ‘“‘the most comprehensive, if not 
the only collection of such data in the 
world.”’ 


ELECTRICAL ENGINEERING 


Petters to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
‘should be concise and may deal with technical 
papers, articles published in previous issues, or other 
subjects of some general interest and professional im- 
portance. ELECTRICAL ENGINEERING will endeavor 
to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or to reject them entirely. 


ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 


STATEMENTS in these letters are expressly under- 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


The Moffat Process 
for Producing Steel 


To the Editor: 


The article ‘Industrial Electrochemistry 
Advances” by Colin G. Fink in the Sep- 
tember, 1935 issue of ELECTRICAL ENGI- 
NEERING (pages 920-3) refers to what is 
called a ‘‘new”’ furnace, developed by T. F. 
Bailey of Alliance, Ohio, for the production 
of steel direct from ore. In the descrip- 
tion of the furnace it is said that “the 
upper part of the furnace resembles a small 
shaft furnace. Reducing gases (largely 
carbon monoxide) pass upward through 
this heated shaft and finely divided iron 
ore particles pass downward. The par- 
ticles thus are reduced to metal which drops 
into the electric furnace forming the base of 
the shaft. Here, with the aid of the electric 
arc, the metal droplets are converted into 
high grade steel.” 

As a matter of record it should be noted 
that such shaft furnaces for the direct 
reduction of iron ore are not new, but that a 
furnace of the same type, invented by J. W. 
Moffat of Toronto, was in operation for 
some years in the Moffat-Irving Steel 
Works, Toronto, about 20 years ago. 
While the original patents have thus expired 
and the principle is open to exploitation by 
anyone, credit should be given to the 
original inventcr. 

The interested reader is referred to the 

Iron Age, October 15, 1914; November 18, 
1915; and Canadian Machinery, December 
831, 1914, for descriptive matter on the 
Moffat-Irving process. The following para- 
graph from +the article in Canadian Ma- 
chinery shows the essential similarity. 
“The idea occurred to Mr. Moffat to reverse 
the condition of the blast furnace, and instead of 
making the gas pass through the more or less 
dense body of descending material, reduction 
could be obtained by passing a shower of fine ore 
through a body of hot ascending gases... After 
preliminary trials had been made on a small scale 
in the laboratory, a 300 kw furnace was built to 
meet commercial conditions by the Moffat-Irving 
Steel Works at Toronto.”’ 


Blast furnace flue dust was first used, 
later magnetite concentrates were success- 
fully smelted, commercial steel being pro- 
duced of high quality. 
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Financial troubles due to war conditions 
prevented the continuance of the process on 
a commercial scale. Later Mr. Moffat 
and the writer undertook an extensive re- 
search into the problems of iron ore re- 
duction without fusion and established the 
series of reactions which occur between 
hematite or magnetite, carbon, and the 
reducing gases. Another process was de- 
vised of sufficient merit to become a serious 
competitor of the blast furnace for ores 
requiring beneficiation. The approaching 
exhaustion of high grade hematite deposits 
will no doubt focus attention on electric 
smelting once more. 


Yours very truly, 


W. F. SUTHERLAND 


171 Dawlish Ave., 
Toronto, Ont., Canada. 


Editor’s Note. In reply to a request as to whether 
or not the Moffat process is in use today, the 
following reply was received from Mr. Sutherland: 
“No, there is no commercial application of the 
Moffat process in operation today. Several 
reasons have prevented commercial exploitation. 
Mr. Moffat died scme years ago and the major driv- 
ing power toward commercialization was thus 
lost. Further, while the process has undeniably 
attractive features, its chief economies will be 
most evident in the treatment of magnetic and 
other ones requiring beneficiation, and until the 
Lake Superior ranges are more nearly exhausted 
the industry in general will be loath to change over 
to new methods, particularly in view of the im- 
mense amount of capita] tied up in existing plant. 
This situation holds for Canada as well as the 
United States, since central Canada depends on the 
United States for its ore at present. 

“Again, as is evident, the last few years have not 
been favorable to the promotion of new industries, 
either from the standpoint of financing or that of 
markets. I rather feel, however, that there should 
presently exist an opportunity for the application 
in a small way of the Moffat process for steel 
foundry work.”’ 


Registration 
of Engineers 


To the Editor: 

In a letter published in the December 
number of ELECTRICAL ENGINEERING a 
member from Buffalo criticized my lettez in 
the October number, quoting me as speaking 
of the “‘ ‘intolerable burden on this country’ 
which would be created by the registration 
of engineers as well as how ‘unbearably 
oppressive’ as is such a movement.” Had I 
made such a statement it certainly would 
lend itself to such ridicule as he has applied 
to it. 

What I actually said was: “‘No one regu- 
latory activity of this kind can be said to be 
unbearably oppressive, but in the aggregate 
the bureaucratic organization thus created 
is becoming an intolerable burden on this 
country.” In view of the regulatory activi- 
ties of the present adminstration I consider 
the foregoing to be a very mild statement. 

Removing phases from their context and 
quoting them in such manner as to distort 
their meaning is a favorite device in certain 


types of arguments, but the ethics of the 
profession, whether legalized or not, should 
keep such tactics out of discussions on engi- 
neering problems. 

I believe that the various engineering 
societies would render their members a very 
valuable service by taking a referendum on 
this subject in connection with their annual 
elections. A summary of the reasons for 
and against registration should be given in 
the official publication of each organization 
immediately preceding the election. If the 
vote were in favor of registration, those who 
are opposed to it would be relieved of the 
feeling that it has been imposed on them 
by a minority of the profession. If the vote 
were against registration, the influence of 
the organization should be used to secure 
modification or repeal of existing legislation. 


Very truly yours, 
H. T. Faus (A’24, M’84) 


61 Nahant St. 
Lynn, Mass. 


Calculating Power Factor 
in a 3 Phase Circuit 


To the Editor: 


When calculating the power factor in a 
3 phase circuit, the method most com- 
monly used is to get the ratio of the power 
to the volt-amperes. In a balanced 38 
phase circuit using the 2-wattmeter method 
the power factor may be obtained from 
the wattmeter readings by the formula 


V3 (w, = W1) (1) 
(we + W}) 


tan @ = 


Equation 1 isa common form appearing in 
textbooks but it requires curves or tables 
to obtain the cosine value corresponding 
to the tangent value. A simple form giving 
direct results may be had from the above as 
follows: 

Squaring both sides, there results: 


tan? 6 = 3 X Ge eee y (2) 
Wo + Wi 
But 


1 
cos? 6 


tan? 6 = sec? @ — 1 = 


Substituting in equation 2, there results: 


1 W. — Wi\2 
= 1 2a i ees 
cos? 6 er ( + a) (3) 
Simplifying, 
1 
cos 9 = ——————— (4) 
_— 2 
3 (Geass = 
\ We + Wi 


Letting (w. — w) difference = d 
Letting (w, + w) = sum = 5 


and multiplying the right hand side by 100 
there results, from equation 4: 


Power factor (in per cent) = 
100 


Nite(3) 


(5) 
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Equation 5 is simple, easily remembered, 
and does not require any curves or tables. 


Very truly yours, 


Jospru A. BALOMBIN (A’33) 


Cleveland (Ohio) 
Illuminating Co. 


Electric 


Installations of 
Hochstadter Pressure Cable 


To the Editor: 


I would call attention to an error in Dr. 
J. B. Whitehead’s admirable summary 
entitled ‘‘Recent Progress in Dielectric 
Research”? in ELECTRICAL ENGINEERING 
for December 1935, pages 1288-91. In the 
last paragraph but one he mentions that a 
50-kv oil-filled cable with submarine sec- 
tion, is reported from Copenhagen. 

The recent Copenhagen cable is not of the 
oil filled type. It is a Hochstadter pressure 
cable, wherein a lead-sheathed paper cable is 
enclosed in a steel pipe containing inert 
gas at a pressure of 200 pounds per square 


inch. This cable was installed in 1934 and, 
as Dr. Whitehead states, has a submarine 
section which is about 1,000 feet long. 
I had the privilege of witnessing the in- 
stallation of this cable and its pipe and can 
testify to a fine engineering job by the 
Felten and Guilleaume Company and 
associated contractors. This line has been 
in successful operation at 50 kv with an in- 
sulation thickness such as would be used on 
ordinary cable of !/2 this voltage. The gas 
pressure has not decreased, although the 
pipe is not connected with any reservoir of 
gas. The total installation is about 8 miles 
long. 

As the result of this successful installa- 
tion and the equally successful one between 
Hackney and Walthamstow, in London, 
England (installed 2 years previously), 
several other lines have been contracted 
for, notably at Oslo, Stettin, and other 
European cities. 


Very truly yours, 


Wo. A. Det Mar (A’06, F’20) 


Chief Engineer, Habirshaw Cable 
and Wire Corp., Yonkers, N. Y. 


Personal lice 


C. F. Kerrerinc (A’04, F’14) vice presi- 
dent and director of General Motors Corpo- 
ration, and general director of the General 
Motors Research Laboratory, has been 
elected to receive the Washington Award 
for 1986. Details of the award are given 
on page 212, this issue. Doctor Kettering 
was born on a farm near Loudenville, Ohio, 
on August 29, 1876, where he obtained his 
early education. After some further train- 
ing at Ohio Normal School, and Wooster 
University, he taught for a while in a coun- 
try school, later entering the employ of the 
Star Telephone Company, Ashland, Ohio, 
as installation man, of which company he 
became chief engineer in 1898. In 1900, 
Doctor Kettering entered Ohio State Uni- 
versity where he studied electrical engineer- 
ing. After graduating in 1904, he became 
electrical engineer and head of the depart- 
ment of electrical inventions of the Na- 
tional Cash Register Company, Dayton, 
where he developed electrical credit systems 
for department stores, electrically driven 
cash registers, and several types of electri- 
cally controlled accounting and auditing 
machines. In 1910, he, together with Ed- 
gar A. Deeds, organized the Dayton Engi- 
neering Laboratories Company (Delco) with 
headquarters at Dayton, Ohio, for the pur- 
pose of manufacturing one of Doctor Ketter- 
ing’s most important inventions, the start- 
ing, lighting, and ignition system for auto- 
mobiles, and later farm lighting systems. In 
1916, he established a research laboratory 
at Dayton to work on several problems of 
considerable interest and seeming merit. 
This laboratory was taken over by General 
Motors Corp. in 1920, and in 1925 it was 
moved to Detroit and combined with other 
research operations of the corporation. 
This group of engineers and scientists still 
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functions under Doctor Kettering’s super- 
vision. Doctor Kettering is the patentee 
or co-patentee of approximately 140 inven- 
tions. His genius and inventive ability 
enabled him during the World War to con- 
tribute in many ways to the electrical, me- 
chanical, and aeronautical departments of 
the service. In addition to the offices al- 
ready mentioned, he is vice president of the 
Frigidaire Corporation; vice president of 
the Delco-Light Company; president and 
director of the Flexible Company; director 
of the Uplands Realty Company, Inc.; 
president and director of The Domestic 
Building Company; director of the Mo- 
raine Development Company; director of 
The Winters National Bank and Trust Com- 
pany; and trustee of Antioch College. He 
was a member of the Institute’s first Lamme 
Medal committee, 1928-29. He is one of 
the founders of the Engineers’ Club of Day- 
ton, Ohio, and is, in addition, a member of 
the following societies: Society of Automo- 
tive Engineers, American Society of Me- 
chanical Engineers, American Society for 
Testing Materials, American Society for 
Metals, American Academy of Social and 
Political Science, American Philosophical 
Society, American Physical Society, Ameri- 
can Academy of Science, American Associa- 
tion for the Advancement of Science, Na- 
tional Academy of Science, Society of Mili- 
tary Engineers, American Chemical So- 
ciety, National Gas Engine Association, 
Detroit Engineering Society, Dayton Engi- 
neers’ Club, the Army and Navy Club, 
Detroit Yacht Club, and New York Yacht 
Club. He is also a member of Sigma Xi 
and Tau Beta Pi, honorary fraternities. In 
1929, he was awarded the Sullivant Medal, 
given every 5 years by Ohio State Univer- 
sity to the alumnus who has achieved note- 


worthy results in science, engineering, litera- 
ture, or the social sciences. Honorary de- 
grees have been conferred upon him by 8 
different colleges and universities. 


Wittarp CHAMpPP (A’25, M’35) since 
August 1, 1931, an assistant editor on the 
staff of ELECTRICAL ENGINEERING resigned 
as of January 15, 1936, to join the electrical 
engineering staff of the Consumers Power 
Company, Jackson, Mich. Mr. Champe is 
a native (1901) of Toledo, Ohio, where he 
received his early schooling; an electrical 
engineering graduate (1923) of the Univer- 
sity of Michigan, Ann Arbor. After 8 
months with the Westinghouse Electric and 
Manufacturing Company, at East Pitts- 
burgh, Pa., where he was on the graduate 
student course and in attendance at the 
company’s engineering school, Mr. Champe 
joined the engineering staff of the Common- 
wealth Power Corporation of Michigan, 
Jackson, remaining with that organization 
and its successor, Stevens and Wood, Inc., 
until February 1930. His first 5 months 
were spent in the electrical drafting room, 
engaged on power station and substation 
layouts and wiring diagrams, after which he 
served a year as assistant head of the switch- 
board engineering department, writing speci- 
fications for equipment, and responsible 
for the checking of all switchboard and 
station wiring diagrams. After a leave of 
absence from September 1925 until Novem- 
ber 1926, Mr. Champe entered the com- 
pany’s investigations division, where he 
remained, first engaged in special studies of 
several affiliated systems covering system 
stability, operating methods, and system 
modernization; subsequently, serving as 
head of a division in charge of writing a-c 
machinery specifications. From February 
1930 until June 1931, Mr. Champe was on 
the editorial staff of The Electric Journal 
(Westinghouse) first as associate editor and 
later as technical editor. In his 41/, years 
on the Institute’s editorial staff, Mr. 
Champe contributed in a substantial way to 
the development of ELECTRICAL ENGINEER- 
ING, and was responsible for certain divi- 
sions of the editorial work that could not 
have been handled satisfactorily without the 
technical training and the design and oper- 
ating experience that he brought to and 
applied on the job. In his new work on the 
Consumers Power Company engineering 
staff, Mr. Champe will conduct miscellane- 
ous technical studies, such as additions to 
system capacity, protective relay problems, 
and short circuit calculations. 


H. B. Gear (A’01, F’20, and director) 
who has been assistant to vice president, 
Commonwealth Edison Company, Chicago, 
Ill., has been elected vice president in charge 
of operating and engineering. Mr. Gear 
was born at Marietta, Ohio, and received 
the degree of bachelor of arts at Marietta 
College in 1892. Three years later he re- 
ceived the degree of mechanical engineer at 
Cornell University and entered the service 
of the Chicago Edison Company as elec- 
trical inspector. In 1900 he became chief 
inspector, and in 1911 was appointed engi- 
neer of distribution in the Commonwealth 
Edison Company. He was made assistant 
to vice president in 1921. Mr. Gear is the 
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author of several Institute papers, and his 
paper on diversity factor, published in 1910, 
is said to be the first on that subject to 
be published. He is also coauthor of a 
widely known book on electrical distribu- 
tion. Since 1914 he has been a member 
of the Institute’s committee on safety 
codes, serving as its chairman 1921-24, and 
since 1932 he has been a member of the 
technical program, Edison Medal, and 
Lamme Medal Committees. During the 
period 1923-27 he was a member of the 
Institute’s standards committee, and he 
also has been representative on the electrical 
committee of the National Fire Protection 
Association (1921-24) and on the National 
Fire Waste Council (1923-24). In 1934 he 
was elected a director of the Institute. 


L. A. Fercuson (A’01, F’12, and past- 
president) vice president in charge of 
operating, construction, and electrical de- 
partments, Commonwealth Edison Com- 
pany, Chicago, Ill., retired December 31, 
19385. Mr. Ferguson graduated from the 
electrical engineering course at Massa- 
chusetts Institute of Technology in 1888, 
and entered the employ of the Chicago 
Edison Company in that year. He was 
made general superintendent of this com- 
pany and the Commonwealth Electric 
Company in 1897, and in 1902 was elected 
second vice president of these 2 companies, 
which later were combined. Since 1914 he 
has held the position of the vice president, 
and has served also as a director of several 
other companies. Mr. Ferguson was presi- 
dent of the Association of Edison Illumina- 
ting Companies from 1901 to 1908, and was 
president of the former National Electric 
Light Association for the year 1902-03. He 
served the Institute as manager from 1904 
to 1907, as vice president 1907-08, and as 
president 1908-09. During the period 
1917-22 he was a member of the Institute’s 
Edison medal committee, and since 1924 has 
been a representative on the commission of 
Washington Award. He is a member of 
the Western Society of Engineers and the 
Illuminating Engineering Society. 


A. G. Scuwacer (A’24, M’31) formerly 
chief electrical engineer of the Pacific Elec- 
tric Manufacturing Corporation, San Fran- 
cisco, Calif., has been appointed chief engi- 
neer of that organization. A native of 
Switzerland (1899) Mr. Schwager completed 
his general and technical education and be- 
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gan his professional career in that country, 
first (1921-22) as technical assistant in the 
test laboratory of the Electric Manufactur- 
ing Company, at Oerlikon; subsequently 
(1922-23) as assistant to professor at his 
alma mater, the Institute of Technology 
in Zurich. He came to the United States 
in 1923, joining the staff of the Electrical 
Testing Laboratories in New York, as a 
technical assistant on high voltage cable re- 
search work, transferring his affiliation in 
1924 to the New York Edison Company 
where he served as a draftsman on power 
plant and substation design. During 1925- 
26, he continued this same type of work with 
the Pacific Gas and Electric Company of 
San Francisco. Since 1926, Mr. Schwager 
has been affiliated continuously with the 
Pacific Electric Manufacturing Corpora- 
tion, successively as test engineer in charge 
of the test laboratory, as executive engineer 
in charge of the engineering department, as 
oil circuit breaker design engineer in charge 
of oil circuit breaker design, and as chief 
electrical engineer. Mr. Schwager has 
contributed generously to contemporary 
technical literature, both through the trade 
press and through numerous papers pre- 
sented before the A.I.E.E. 


W. E. HoLianp (A’04, M’12) vice presi- 
dent in charge of engineering, Philadelphia 
Storage Battery Company, Philadelphia, 
Pa., has resigned as an officer and director 
of the company and is retiring from active 
business. He entered the business as a 
tester with the Edison Storage Battery Com- 
pany in 1902, and shortly after was made 
chief of the battery experimental depart- 
ment. Mr. Holland was engaged in re- 
search work with the inventor, and was 
appointed chief electrical engineer of the 
Edison company at Orange, N. J., in 1911. 
Since 1918 he has been with the Philadelphia 
Storage Battery Company, and since 1925 
has directed the radio developments of the 
company. He was chairman of the first 
radio safety standards committee appointed 
by the Associated Manufacturers of Elec- 
trical Supplies, and was instrumental in 
securing the adoption of effective and prac- 
tical safety standards for radio receivers. 
He has also been director of the engineering 
division of the Radio Manufacturers’ 
Association, and from 1925 to 1933 was a 
member of the Institute’s committee on 
electrochemistry and _ electrometallurgy. 
Mr. Holland is the author of several tech- 
nical papers ou storage batteries. 
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W. R. G. Baker (A’19) former vice 
president, RCA-Victor division, RCA 
Manufacturing Company, Inc., Camden, 
N. J., has been appointed managing engineer 
of the radio receiver section of the General 
Electric Company at Bridgeport, Conn., 
with responsibility for engineering and 
manufacturing. A graduate of Union 
College, from which he received the degrees 
of bachelor of engineering, master of elec- 
trical engineering, and doctor of science, 
Doctor Baker was employed for several 
years by the New York Telephone Com- 
pany, and had the title of equipment engi- 
neer during 1915-16. He then engaged in 
radio development work with the General 
Electric Company at Schenectady, N. Y., 
and subsequently was made designing 
engineer in charge of transmitters. His 
responsibility was enlarged in 1924 to in- 
clude the design of all radio products, and 
2 years later he was given charge of all 
radio development, design, and production. 
In 1929 he became connected with the then 
newly formed RCA-Victor Corporation as 
head of radio engineering activities, and 
later became general manager of the plant. 
During 1933-34 Doctor Baker was a member 
of the Institute’s special committee on 
biographies and talking motion pictures, 
and he is now chairman of the engineering 
committee of the Radio Manufacturers’ 
Association. 


W. L. Assorr (A’01, F’13, and member 
for life) chief operating engineer, Common- 
wealth Edison Company, Chicago, IIl., 
retired on December 31, 1935. Mr. Abbott, 
who was born near Morrison, Ill., was 
graduated from the University of Illinois in 
1884, and after employment with several 
companies became president and manager 
of the National Electric Construction Com- 
pany in 1889. This company was purchased 
by the Chicago Edison Company in 1895, 
and Mr. Abbott was made chief engineer 
of one of the power houses. Four years 
later he became chief operating engineer 
for this company, a position which he has 
since held with this company and its suc- 
cessor, the Commonwealth Edison Com- 
Company. He is the author of numerous 
papers presented before engineering societies 
and is a member and past-president of The 
American Society of Mechanical Engineers, 
and a member and past-president of the 
Western Society of Engineers. From 1905 
to 1923 he was a member of the board of 
trustees of the University of Illinois, serv- 
ing as president of the board for 14 years. 
In 1929 the university granted him the 
honorary degree of doctor of laws. 


A. R. WELLWoop (M’22) who has been 
assistant director of the electric rate survey 
of the Federal Power Commission, Washing- 
ton D. C., has been appointed director. 
Major Wellwood has been engaged in 
various branches of electric utility work 
since 1911, when he became assistant chief 
engineer of the Central Hudson Gas and 
Electric Company at Poughkeepsie, N. Y. 
In 1920 he resigned as district operating 
manager of the company to accept the 
position of assistant engineer secretary of 
the superpower survey of the U.S. Geologi- 
cal Survey, and the following year became 
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connected with the firm of Murray and 
Flood, consulting engineers in New York, 
N. Y. He has conducted statewide and 
regional surveys in many parts of the 
country, and has been chief engineer of the 
South Carolina Power Rate Investigating 
Comittee and chief consultant to the Public 
Service Commission of South Carolina. 


O. E. Bucxipy (M’19, F’29) director of 
research, Bell Telephone Laboratories, Inc., 
New York, N. Y., has been appointed a 
member of the National Advisory Council 
on Applied Physics. The council, the for- 
mation of which was announced recently 
by the American Institute of Physics, is 
intended to stimulate the application . of 
physics to other sciences and to industry. 
Mr. Buckley has been a member of the 
A.LE.E. committee on electrophysics since 
1926, serving as its chairman 1929-31, and 
is also a member of the committee on re- 
search. 


W. C. Srevens (A’11, F’20) chief engineer 
of Cutler-Hammer, Inc., Milwaukee, Wis., 
has been advanced to the position of vice 
president in charge of engineering. Mr. 
Stevens graduated from Cornell University 
in 1906 and has been connected with the 
Cutler-Hammer Company almost continu- 
ously since that time. For many years he 
was a sales engineer, and was made sales 
manager at Milwaukee in 1917. Since 1924 
he has devoted his time to engineering work, 
and for the past several years has been 
chief engineer. 
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M. J. Ketry (M’26, F’31) vacuum tubes 
and transmission instruments director, Bell 
Telephone Laboratories, Inc., New York, 
N. Y., has been appointed a member of the 
National Advisory Council on Applied 
Physics, the formation of which was recently 
announced by the American Institute of 
Physics to stimulate the application of 
physics to other sciences and to industry. 
Mr. Kelly has been a member of the A.I.E.E. 
committees on communication and stand- 
ards since 1934, and recently was co-author 
of an Institute paper on vacuum tubes. 


HaRVeEY FLETCHER (M’22, F’30) physical 
research director, Bell Telephone Labora- 
tories, Inc., New York, N. Y., has been 
appointed a member of the National Advi- 
sory Council on Applied Physics, the for- 
mation of which was recently announced 
by the American Institute of Physics to 
stimulate the application of physics to 
other sciences and to industry. 


O. S. MitcHeti (A’23, M’30) editor of 
Electrical News and Engineering, Toronto, 
Ont., Can., has been appointed editorial 
director of Hugh C. MacLean Publications, 
Ltd., publishing a number of business 
newspapers including Electrical News and 
Engineering, Electrical Appliances and Sup- 
plies, and Radio Trade Builder. 


J. B. MacNery (A’18) former general 
manager of distribution engineering, West- 
inghouse Electric and Manufacturing Com- 
pany, who has been at East Pittsburgh, 
Pa., and Boston, Mass., has returned to 
East Pittsburgh as manager of switchgear 


220 


engineering. Mr. MacNeill, who is the 
author of several Institute papers, was a 
member of the Institute’s committee on 
protective devices 1920-22, 1928-30, and 
1931-32, and was a member of the power 
transmission and distribution committee 
1933-35. 


WILFRED SYKES (A’09, M’14) assistant to 
president, Inland Steel Company, Chicago, 
Ill., has been appointed a member of the 
alloys of iron research committee of En- 
gineering Foundation. He has been a mem- 
ber of several Institute committees, serving 
for a number of years on the committee on 
applications to iron and steel production. 


R. D. Kaut (A’32) who has been district 
engineer of the Garrison Engineering Cor- 
poration at Waterbury, Conn., has been 
appointed chief engineer with offices at 
Great Barrington, Mass. Mr. Kaul has 
been connected with the company in various 
capacities since 1927. 


A. J. Witiiams, Jr. (A’27) chief of elec- 
trical division, research department, Leeds 
and Northrup Company, Philadelphia, Pa., 
has been appointed an Institute representa- 
tive on the sectional committee on vacuum 
tubes for industrial purposes of the American 
Standards Association. 


C. A. Mayo (A’13) manager of the East- 
ern Massachusetts Electric Company, 
Salem, has also taken over the position of 
assistant manager of the Beverly (Mass.) 
Gas and Electric Company. Mr. Mayo 
was a member of the Institute’s committee 
on automatic stations 1930-32. 


F. L. Baty (A’22, M’27) vice president, 
Charles H. Tenney and Company, Boston, 
Mass., has been designated as regional 
executive with managerial supervision of 
certain groups of operating companies in 
the New England Power Association. 


H. L. Gorpon (A’35) formerly designing 
engineer with the Rhodium Corporation of 
America, Brooklyn, N. Y., is now a member 
of the examining corps of the U.S. Patent 
Office, Washington, D. C. 


Epwarp Lyncu (A’27, M’35) meter engi- 
neer formerly with the General Electric 
Company of South America, is now with 
the General Electric Company at West 
Lynn, Mass. 


G. J. FIEDLER (A’32) recently was made 
an instructor in the electrical engineering de- 
partment of Union College, Schenectady, 
ING WE 5 


GABRIEL HELLER (A’32) former gradu- 
ate student at Columbia University, New 
York, N. Y., is now at Talladega College, 
Talladega, Ala. 


P. L. ANpRY, Jr. (A’34) is now technical 
assistant in the engineering department of 
the Shell Petroleum Corporation, East Chi- 
cago, Ind. 


G. H. Fett (A’32) is now in the depart- 
ment of electrical engineering at the Uni- 
versity of Illinois, Urbana. 


E. S. Jackson, Jr. (A’32) is again with 
the Consumers Power Company at Jack- 
son, Mich. 


W. W. Ensmincer (A’34) recently ac- 
cepted a position with the Columbus Manu- 
facturing Company, Columbus, Ga. 


R. A. SrrorumMan (A’32) is now engaged 
by the Navy Department at Washington, 
D. C., as telephone and telegraph engineer. 


D. H. Scueryt (A’35) is now employed 
by the General Electric Company at Bridge- 
port, Conn. 


P. B. THorESEN (A’35) is now employed 
in the testing department of the Builders 
Iron Foundry, Providence, R. I. 


P. E. BaKxer (A’33) is now with the Cen- 
tral Rubber and Supply Company, Indian- 
apolis, Ind. 


C. E. Brii (A’33) has accepted a posi- 
tion with The Converse Company, Inc., 
Seattle, Wash. 


F. E. Levy (A’88) is now apprentice elec- 
trical tester with the Los Angeles (Calif.) 
Bureau of Power and Light. 


D. R. E_more (A’85) is now chief inspec- 


tor at St. Louis, Mo., for the lamp testing 
service of Electrical Testing Laboratories. 


Obiuary 


Bryce EucGEene Morrow (F’85) chief 
engineer and manager of the production and 
transmission department, Consumers Power 
Company, Jackson, Mich., died January 4, 
1936. He was an Associate of the Institute 
from 1904 to 1911. Mr. Morrow was born 
at Banbridge, Ireland, September 22, 1874. 
He attended public schools in Schenectady, 
N. Y., and in 1888 entered the employ of 
the Edison Machine Works in that city. 
Two years later he was transferred to the 
testing department, of which he became 
superintendent. During tests of the first 
a-c generator built at this plant, which 
later became the General Electric Company, 
Mr. Morrow assisted the late Thomas A. 
Edison (A’84, M’84, HM’28) and Dr. A. E. 
Kennelly (A’88, F’13, HM’33, Life Member, 
and past-president). In 1902 Mr. Morrow 
became manager of the Hudson River Power 
Transmission Company, a position which 
he resigned in 1912 to become chief engineer 
of the Utilities Mutual Insurance Company. 
Three years later he accepted the position 
of manager of production and transmission 
for the Consumers Power Company. Man- 
agement of the electrical construction de- 
partment was added to his duties in 1922, 
and in 1929 he was appointed chief engineer 
and manager of the production, transmis- 
sion, and construction departments. Dur- 
ing the 20 years he was with this company, 
a period in which the system capacity more 
than quadrupled, Mr. Morrow had charge 
of, and was directly responsible for, the 
operation of the entire generation and trans- 
mission system. He was a member of the 
Edison Pioneers, and had taken an active 
part in the affairs of the former National 
Electric Light Association. 
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WILLIAM ANDERSON (A’20) professor of 
physics and electrical engineering, Rhode 
Island State College, Kingston, died Decem- 
ber 27, 1935. He was born at Chanute, 
Kan., February 18, 1873, and attended 
Kansas State Agricultureal College, from 
which he received the degrees of bachelor of 
science and master of science in 1898 and 
1906, respectively. Later, in 1911, Cornell 
University granted him the degree of master 
of arts. From 1900 to 1906 he taught at 
Kansas State Agricultural College, first as 
an assistant in mathematics and later as an 
instructor in physics and electrical engineer- 
ing. In 1906 he became an instructor in 
the latter subjects at the Michigan College 
of Mines, and in 1912 was appointed assist- 
ant professor of mechanical engineering. 
Since 1919 he had been professor of physics 
and electrical engineering at Rhode Island 
State College. Professor Anderson was a 
member of the Society for the Promotion 
of Engineering Education and Sigma Xi. 


Scotr Lynn(A’13, M’15, F’29) president, 
Sangamo Company, Ltd., Toronto, Ont., 
Can., died January 1, 1936. He was born 
at Salt Lake City, Utah, on October 14, 
1887, and received his technical education 
at the United States Naval Academy. In 
1910 he first was employed by the Sangamo 
Electric Company of Springfield, Ill., leaving 
the position of assistant to the chief engineer 
in 1912 to work with mining and smelting 
companies in Utah for a short time. In 
1913 he returned to the Sangamo Company 
in sales work, and established and managed 
the Rochester, N. Y., office, where he had 
charge of sales and engineering. Mr. Lynn 
organized the Sangamo Electric Company 
of Canada, Ltd., in 1917, and for a num- 
ber of years was vice president and gen- 
eral manager with active charge of all manu- 
facturing and design. He was a director of 
the Lincoln Meter Company, Inc., Spring- 
field, Ill., and Lincoln Meter Company, Ltd., 
Toronto, and a member of the American 
Society of Mechanical Engineers and other 
associations, serving on committees of the 
Canadian Engineering Standards Associ- 
ation and the Canadian Electrical Associ- 
ation. 


JonaTHAN EDWARDS WOODBRIDGE (A’98 
and member for life) consulting engineer, 
San Francisco, Calif., died December 28, 
1935. Mr. Woodbridge was born at Duluth, 
Minn., January 30, 1872, and was gradu- 
ated from the electrical engineering course 
at Massachusetts Institute of Technology 
in 1893. During the next few years he was 
employed by the Duluth and Superior Tele- 
phone Company and the Long Island Rail- 
road, and in 1897 became associate editor 
of Electrical World, taking the position of 
editor the following year. In 1900 he under- 
took the duties of assistant to the chief of 
the railway engineering department of the 
General Electric Company, and in 1910 
went to San Francisco as resident engineer 
for Ford, Bacon, and Davis. Between 1910 
and 1933 he served as chief engineer of the 
Sierra and San Francisco Power Company 
and as consulting engineer for the Market 
Street Railway. He was a member of the 
Institute’s protective devices committee 
1915-16, and of the transmissions and dis- 
tribution committee 1914-16 and 1918-20. 
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EpWIN ANDREW DigsTLER (A’35) de- 
velopment engineer with Albert S. Richey, 
Worcester, Mass., died July 11, 1935, 
according to word just received at Institute 
headquarters. He was born in Fergus 
County, Mont., May 23, 1898. From 1912 
to 1919 he was employed by several engi- 
neering and appraisal firms, and served also 
in the U.S. Army. In 1919 he became 
connected with Hagenah and Erickson 
(later Victor A. Dorsey and Company) con- 
sulting engineers in Chicago, Ili., and was 
engaged in the supervision of cost and 
depreciation studies of power and railway 
properties in many cities of the central and 
southwest parts of the United States until 
1931. Mr. Diestler then undertook similar 
work for the Public Service Commission of 
Missouri until 1933, following which he was 
employed for a short time by The Bemis 
Company, Chicago, Ill., and the Civil Works 
Administration before becoming associated 
with Albert S. Richey in 1934. Since then 
Mr. Diestler had been engaged iu an analysis 
of records for the Public Service Company 
of Northern Illinois, the Commonwealth 
Edison Company, and the Chicago Surface 
Lines. 


CLAUDE W. MircHeLy (M’31) chief elec- 
trical engineer, Board of Fire Under- 
writers of the Pacific, San Francisco, Calif., 
died November 27, 1935. He was born at 
Rockford, Ill., April 10, 1878, and was a 
graduate of the University of California, 
from which he received the degree of bache- 
lor of science in 1902. In 1905 he was 
employed by the Board of Fire Underwriters 
of the Pacific as an electrical inspector, a 
position which he held until 1912 when he 
was made electrical engineer. Since 1927 
he had been chief electrical engineer. Mr. 
Mitchell was for many years a member of 
the electrical council of the Underwriters’ 
Laboratories, Inc., and of the electrical 
committee of the National Fire Protection 
Association. He took part in the prepara- 
tion of the National Electrical Code, and 
was the author of a series of articles on 
electrical constrtiction and interpretation of 
code rules, being well known as an authority 
on the code. Mr. Mitchell was a member of 
the Institute’s committee on communication 
from 1931 to 19385. 


WILLIAM ALFRED Harpine (A’09) con- 
sulting mechanical and electrical engineer, 
Los Angeles, Calif., died on November 15, 
1935. He was born at Bristol, England, 
June 17, 1864, and was educated in England. 
From 1889 to 1895 he was employed by 
various electric plants and railways at 
Seattle, Wash., and in British Columbia, 
and later was electrical engineer for railways 
at Chicago, Ill., Santa Barbara, Calif., and 
Los Angeles. During 1908-09 he was em- 
ployed by the U.S. Reclamation Service, 
to which he returned in 1912 in connection 
with the Elephant Butte Dam in New 
Mexico. Following several years in private 
work he became mechanical superintendent, 
Celite Products Company, Los Angeles, 
1920-23; in charge of the mechanical de- 
partment, Southern California Edison Com- 
pany, Big Creek, 1923-25; and foreman, 
electrical construction, Los Angeles Gas and 
Electric Company until he returned to 
private practice in 1926. 


Puiriep VAN RENSSELAER VAN WycCK 
(A’91 and member for life) former chief 
engineer of the Empire City Subway Com- 
pany and more recently associated with 
Mackay and Company, New York, N. Y., 
died December 14, 1935. Mr. Van Wyck 
was born at Summit, N. J., May 27, 1868. 
He was engaged in the construction of the 
Richmond and Danville Railroad, and in 
1888 was connected with the Nicaragua 
Canal Commission during the survey of the 
proposed site. Following his return to the 
United States he became chief engineer of 
the underground conduit company, a sub- 
sidiary of the New York Telephone Com- 
pany. He was also a director of the Hamil- 
ton Gas Company and the Mutual Invest- 
ment Trust Company, and recently had 
taken part in a number of philanthropic 
enterprises. 


WiLLaRD Mortimer SmitH (A’28) chief 
load dispatcher, Eastern Massachusetts 
Electric Company, Salem, Mass., died re- 
cently. He was born at Portland, Me., 
February 13, 1886, and entered the employ 
of the Cambridge (Mass.) Electric Light 
Company in 1907, being connected with 
different departments until 1911 when he 
entered the engineering department, in 
which he subsequently held various posi- 
tions. In 1918 he was given charge of 
electrical operation and construction in the 
station and underground distribution, and 
in 1924 became chief load dispatcher of the 
Eastern Massachusetts Electric Company, 
organizing the load dispatching department 
of properties near Boston, Mass., some years 
ago. 


RicHarp Kocu (A’14) electrical engineer, 
Warwick, R.I., died September 16, 1935. 
He was born in Germany on March 27, 
1875, and was educated there. From 1897 
to 1908 he was electrical engineer with 
Allgemeine Electricitaets Aktiengesellschaft 
at Berlin and Dortmund, and from 1908 to 
1912 was chief electrical engineer for the 
Bergmann Electricitaets Werke at Dussel- 
dorf. In 1912 he became connected with the 
Concordia Electricataets Aktiengesellschaft 
at Dusseldorf, and 2 years later came to the 
United States as general manager of the 
Concordia Safety Lamp Company at Pitts- 
burg, Pa. This company developed into 
the Concordia Electric Company, and Mr. 
Koch became vice president and technical 
manager, leaving the company in 1929. 


Eskit Bere (A’95 and member for life) 
recently retired engineer of the General 
Electric Company, Schenectady, N. Y., 
died January 5, 1936. He was born in 
Sweden, and after graduation from the 
Chalmers Institute of Technology at Goth- 
enburg came to the United States. During 
his association with the General Electric 
Company he worked for many years with 
the late Dr. C. P. Steinmetz (A’90, M’91, 
F’12, and past-president). Mr. Berg was 
connected with work on the steam ttirbine, 
on the development of electric ship propul- 
sion, and on the mercury turbine. He wasa 
member of the Institute’s marine committee 
(now applications to marine work) from 
1918 to 1922. 
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Memsterchiigs 


Recommended 
for Transfer 


The board of examiners, at its meeting held Janu- 
ary 22, 1936, recommended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 


To Grade of Fellow 


DeForest, C. W., chief engr., Union Gas & Elec. 
Co., Cincinnati, Ohio. 

Loew, E. A., prof. of E.E., and dean, coll. of engg., 
Univ. of Washington, Seattle. 

Ready, L. S., cons. engr., 116 New Montgomery 
St., San Francisco, Calif. 

Rogers, C. E., chief engr., Pacific Tel. & Tel. Co., 
Seattle, Wash. 


4 to Grade of Fellow 


To Grade of Member 


Benson, F. S., asst. E.E., Pacific Gas & Elec. Co., 
San Francisco, Calif. : } 

Berkner, L. V., physicist and E.E., Carnegie Insti- 
tution of Washington, Washington, D. C. 

Brown, G. R., development engr., Western Elec. 
Co., Kearny, N. J. wee 

Brown, H. H., E.E., Wisconsin-Michigan Pwr. Co., 
Appleton, Wis. 

Cave, P. W., mains cable engr., Macintosh Cable 
Co. Ltd., Derby, Eng. ‘ 
Cunningham, A. J., E.E., Metropolitan Vickers 

Elec. Export Co. Ltd., Rio de Janeiro, Brazil, 


SHAS 

deGoede, A. H., switchgear specialist, Gen. Elec. 
Co., New York. 

Fouse, R. W., asst. to rate engr., N. Y. Edison Co. 
Inc., New York. 

Freeman, W. G., central office apparatus engr., 
Bell Tel. Labs., Inc., New York. 


Geary, T. W., telephone engr., Am. Tel. & Tel. Co., 


New York. 

Glasier, R. C., development engr., Western Elec. 
Co., Inc., Kearny, N. J. 

Hamilton, F. A., central station engg. dept., Gen. 
Elec. Co., Schenectady, N. Y. 

Hunter, E. M., central station engg. dept., Gen. 
Elec. Co., Schenectady, N. Y. 

Kellems, V., pres. and owner, Kellems Products 
Inc., New York. 

Millard, A. M., engr. of transmission, Southern 
New England Tel. Co., New Haven, Conn. 

Oberle, H., supt. of elec. distribution, Queens 
Borough Gas & Elec. Co., Far Rockaway, N. Y. 

Quinn, W. J., elec. engr., Third Avenue Ry. Co., 
New York. 

Sailer, L. R., instructor in elec. engg., Columbia 
Univ., New York. 

Schaeffer, R., resident elec. engr., Oklahoma Gas & 
Elec. Co., Oklahoma City. 

Skeats, W. F., in charge, circuit breaker interrupt- 
ing capacity testing plant, Gen. Elec. Co., 
Schenectady, N. Y. 

Stoddard, A. D., vice president and chief engr., 
Hips ten Oil Well Cementing Co., Duncan, 

Ds 

Sullivan, G. L., dean, coll. of engg., Univ. of Santa 
Clara, Calif. 

Sundius, H. W., engr. of elec. co-ordination, South- 
ern New England Tel. Co., New Haven, Conn. 

Wurzbach, H. A., division training supervisor, Am. 
Tel. & Tel. Co., Denver, Colo. 


24 to Grade of Member © 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name, Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before Feb. 29, 1936, or Apr. 30, 
1936, if the applicant resides outside of the United 
States or Canada. 


eee E., Jr., Fisher Body Corp., Pontiac, 
ich. 
Amador, F. J., Jr., New Mexico State Col., State 


Ball, D. J., 373 Park Ave., Leonia, N. J. 
altro L. W., Jr., Gen. Elec. Co., Schenectady, 


Te 
Barker, O. (Member), Brooklyn Edison Co., Inc., 
NY 


Bauman, c. A., Pocahontas Fuel Co. Inc., Cleve- 
land, Ohio. 
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Beeson, N. W., 230 Rockwood Ct., San Antonio, 
Texas, . 

Bhattacharjee, S. B., W. P. A. Projects, New York, 
Ne X. 


Billman, L. S., Brooklyn Edison Co. Inc., N. Y. 

Bird, J. C., Okonite Co., Seattle, Wash. 

Blenden, H. A. (Member), Southwestern Bell Tel. 
Co., St. Louis, Mo. 

Brauer, F. A., So. New England Tel. Co., New 
Haven, Conn. 

Breidenbach, F. F., Indiana Bell Tel. Co., Indian- 
apolis. 

Brown, R. P., Southwestern Bell Tel. Co., Dallas, 
Texas. 

Brown, R. R., N. C. State Coll., Raleigh. 

Buchanan, W., Brooklyn Edison Co., Inc., N. Y. 

Buchanan, W. A. (Member), Appalachian Elec. Pwr. 
Co., Welch, W. Va. 

Bee, J; S., Underwriters Laboratories, New York, 


Caldwell, J.S., Brooklyn Edison Co., Inc., N. Y. 

Campbell, J. B., P. O. Box 533, New Canaan, Conn. 

Capelli, S. W., Pub. Serv. Co. of Colo., Denver. 

Carlin, P. J., Fla. Pwr. & Lt. Co., Miami. 

Carter, G. K., Univ. of Va., University. 

Carter, G. T., 1422 Rockland St., Calumet, Mich. 

Christensen, G. F., Utah Pwr. & Lt. Co., Provo. 

let Bs W., Maghavox Co., Ltd., Ft. Wayne, 

nd. 

en G. M., Emerson Elec. Mfg. Co., St. Louis, 
Mo. 

Collard, A. R., New York Edison Co., Inc., N. Y. 

Crawford, C. D., Modesto Irrigation Dist., Mo- 
desto, Calif. 

Dailey, J. H., 201 Taylor Ave., Canastota, N. Y. 

Davies, W. M., Houston Ltg. & Pwr. Co., Texas. 

Day, A. B., Idaho City, Idaho. 

Debowski, S., Brooklyn Edison Co., Inc., N. Y. 

Dell, C. A. O., Niagara Falls Pwr. Co., Niagara 
Falis, Noy. 

Doon, H. H., New York Edison Co., Inc., N. Y. 

Dunbar, O. C., Santa Fe Ice & Precooling Plant, 
San Bernardino, Calif. 

et Acta aha V. L., Diehl Mfg. Co., Elizabethport, 


Eaden, N., Pacific Tel. & Tel. Co., Spokane, Wash. 

Einwechter, W.S., Philadelphia Elec. Co., Pa. 

Falcione, A. M., 128 Shawmut Ave., Boston, Mass. 

Farnham, S. B., Gen. Elec. Co., Schenectady, N. Y. 

Farrow, A. P., Tenn. Pub. Serv. Co., Knoxville. 

Feingold, S., N. Y. Fire Dept., New York, N. Y. 

Foca, A. R., New York Edison Co., Inc., N. Y. 

Gallic, R. A., 574—78th St., Brooklyn, N. Y. 

Gardner, W. C., Blacksville, W. V. 

Garrabrant, F. O. (Member), Climax Molybdenum 
Co., Climax, Colo. 

Gawlowicz, B.S., Brooklyn Edison Co., Inc., N. Y. 

Green, M.1., 611 Isett Ave., Wapello, Iowa. 

Grigsby, J. M., Modesto Irrigation District, Mo- 
desto, Calif. 

Halman, T. R., Detroit Edison Co., Mich. 

Ham, R. F., Brooklyn Edison Co., Inc., N. Y. 

Hammond, R. E., Jr., Northern States Pwr. Co., 
Minneapolis, Minn. 

ervey D. A., Mo. Pub. Serv. Comm., Jefferson 

ity. 

Henning, E.S.,3 Blaine Ave., Worcester, Mass. 

Hill, R. C., So. Charleston, Ohio. 

Hodgson, A. O. (Member), United Shipbuilding & 
Dry Dock Corp., Mariners Harbor, N. Y. 

Hogan, rs W., Am. Tel. & Tel. Co., Washington, 
D 


Hurley, J. F. (Member), Brooklyn Edison Co., 
Ine, INN: 
Ingalls, L. T., Brooklyn Edison Co., Inc., N. Y. 
Jomnron James O., U.S. Navy Yard, Brooklyn, 
Y 


Johnson, John O., Bell Tel. Lab. Inc., New York, 
N. Y. 


Joice, J. P., Royal Indemnity, New York, N. Y. 

Jones, J. C., Fla. Pwr. & Lt. Co., Ft. Pierce. 

Kamin, N. H., Intl. Business Machines Corp., 
Akron, Ohio. 

Kaufman, H.S., Brooklyn Edison Co., Inc., N. Y. 

Keepers, G. S., Champlin Refining Co., Enid, Okla. 

Keiber, W. C., Jr., 201 North 10th St., Easton, Pa. 

Kent, S. G., Fla. Pwr. & Lt. Co., Miami Beach. 

Kimball, J. J., Brooklyn Edison Co., Inc., N. Y. 

ep ee H. (Member), Water Users, Phoenix, 


iz. 
Klippel, O. H., 2947 Lister, Kansas City, Mo. 
Komm, H. H., 13l4a Shawmut Place, St. Louis, 


Mo. 
Lansberg, W. A., Brooklyn Edison Co., Inc., N. Y. 
Less, H., 9 Alden St., Boston, Mass. 
eva C. G., Canadian Gen. Elec. Co., Toronto, 

nt. 

Light, L., 765 Hendrix St., Brooklyn, N. Y. 
Livingston, H. R., Farr Alpaca Co., Holyoke, Mass. 
Howens Me Bd. of Transportation of N. Y. C., 


Lyman, T. B., Pacific Manifolding Book Co., 
Emeryville, Calif. 

Mader, S. C., Schools of Morgan Co., Jacksonville, 
Til. 

Margossian, M. A., Whitthorne & Swan Portrait 
Studio, Oakland, Calif. 

Marsh, P. F., Schenectady Collegiate Center, N. Y. 

Masheroni, J., 42-02—64th St., Woodside, N. Y. 

Mason, T. C., Southwestern Lt. & Pwr. Co., Law- 
ton, Okla. 

ame K. N., Gen. Elec. Co., Schenectady, 


Maxcy, D. J., Jr., New York Edison Co., Inc., N. Y. 
McAdam, L. O., Southwestern Bell Tel. Co., 
Dallas, Texas. 


pect oan A. J., Gen. Elec. Co., Philadelphia, 
a, 


McCreary, W. H., Brooklyn Edison Co., Inc., 
N 


4 

McKinley, J. T., P. O. Box 483 Ada, Okla. 

McKinney, E. G., Okla. Gas & Elec. Co., Oklahoma 
City. 

Meade Xe. Q., Harder Refrigerator Corp., Coble- 
skill, ‘i 

Meadowcroft, F. H., Paraffine Companies Inc., 
Emeryville, Calif. 

Meale, W. V., Fisher Body Co., Norwood, Ohio. 

Miller, C. G. (Member), Bell Tel. Lab. Inc., New 
York, N. Y. 

Miller, R. H., San Joaquin Lt., & Pwr. Corp., 
Reedley, Calif. 

Millington, J. W., Sun Oil Co., Beaumont, Texas. 

Mock, W., Radio Experimenter’s Club Ltd., 
Regina, Sask., Can. 

Moore, J. K., Hydro Elec. Comm., Salem, Ore. 

Moore, R. W., Jr., Landis Tool Co., Waynesboro, 
Pa. 

Myers, R. P., 10405 Ostend Ave., Cleveland, Ohio. 

Newberry, E. S., Conn. Valley Pwr. Exchange, 
Hartford, Conn. : . 

Nichols, C., Leeds & Northrup Co., Philadelphia, 


Pa. 

Nixon, J. A., Southern New England Tel. Co., 
New Haven, Conn. . 

Noest, J. G. (Member), Brooklyn Edison Co., Inc., 
INRY2 


O’Brien, Ww. M., Northwestern Elec. Co., Rainier, 


Ore. 
Osten-Sacken, I. C. (Member), Bell Tel. Lab. Inc., 
w York, N. Y. 
Pardo, R. B., Pacific Tel. & Tel. Co., Seattle, 
Wash 


Parlour, G. S. (Member), c/o Eugene F. Phillips 
Elec. Wks. Ltd., Hamilton, Ont., Can. 

Parsons, R. J., Brooklyn Edison Co., Inc., N. Y. 

Pearce, C. T., Westinghouse Elec. & Mfg. Co., 
Philadelphia, Pa. 

Pearson, H. R., Dallas Pwr. & Lt. Co., Texas. 

Peirce, S. D., Gen. Radio Co., Cambridge, Mass. 

Peters, E. F. L., Falstaff Brewery Corp., St. Louis, 
Mo. 

Peterson, J. D., Charles Cory Corp., Brooklyn, 
N. Y 


Peterson, W. E., Consumers Pwr. Co., Jackson, 
Mich. 

Piccardo, J. E., 4381 Lincoln Ave., Oakland, Calif. 

Pillsbury, A. H., 3026 Oak St., Jacksonville, Fla. 

Prinsloo, W. J. O., Brooklyn Edison Co., N. Y. 

Rehagen, E. S., Westinghouse Elec. & Mfg. Co., 
St. Louis, Mo. 

Reichel, H. W. (Member), Am. Tel. & Tel. Co., 
New York, N. Y. 

Rennecamp, C. C. W., 5471 Oriole Ave., St. Louis, * 
M 


oO. 

Ricker, E. A., Univ. of Toronto, Ont., Can. 

Robison, R. L., Star Machy. Co., Seattle, Wash. 

Rummler, W. E., Otis Elevator Co., Yonkers, 
IN, Os : 

Rust, L. J. (Member), Pub. Serv. Comm. of Wis., 


Madison. 
Sattinger, I. J., 2712 Brentwood Ave., Toledo, 


io. 
Schell, R. E., W. R. Grasle Elec Co., Portland, 


Ore. 

Schmitz, R. C. (Member), Am. Transformer Co., 
New York, N. Y. 

Schwarz, W. A., Chandeysson Elec. Co., St. Louis, 


Mo. 

Shank, R. E., Indiana & Michigan Elec. Co., South 
Bend, Ind. 

Shevalier, D. C., Montana Pwr. Co., Great Falls, 
Mont. 

Shultes, C. K., West Berne, N. Y. 

Simon, J. L., Okla. Mineral Survey, Clinton. 

ae da K., Rose Poly. Inst., Terre Haute, 
Ind. 


Specht, W., Gen. Elec. Co., Philadelphia, Pa. 

Smart, H. W., Brooklyn Edison Co., Inc., N. Y. 

Smith, E. L., Firestone Tire & Rubber Co., Akron, 
Ohio. 

Smith, G. M., Miami Broadcasting Co., Fla. 

Stevens, S. S., Transcontinental & Western Air Co., 
Kansas City, Mo. 

Stremlau, D. Z., Conn, Valley Pwr. Exchange, 
Hartford, Conn. 

een R. S., Okla. Gas & Elec. Co., Oklahoma 

ity. 

Thomas, E. U., Union Switch & Signal Co., Swiss- 
vale, Pa. 

Tinley, E.S., 139 S. 15th St., Allentown, Pa. 

Van cer Bere: A. J., 285 Riverside Drive, New York, 


Van nERS: C., 1198 Ardsley Rd., Schenectady, 


Watt, D. H., Water Plumbing Air Conditioning 
& Elec. Co., Tulsa, Okla. 

Wells, A. W., Los Angeles Railway Corp., Calif. 

Welman, G. A., Gen. Elec. X-Ray Corp., New Or- 
leans, La. 

Weyrick, P. M., Mathews Conveyer Co., Ellwood 
City, Pa. , 

Whetstone, R. A., Elec. Storage Battery Co., 
Philadelphia, Pa. 

Oe E., Union Gas & Elec. Co., Cincinnati, 

io. 

Williams, H. A. (Member), Struthers Dunn, Inc., 
Philadelphia, Pa. 

Ns A. R., Reno Gold Mines, Salmo, B. C., 


an. 

Witte, W. J., Con. Gas Elec. Lt. & Pwr. Co., Balti- 
more, Md. 

Wolf, C. A., Jr., 166 Stone Ave., Yonkers, N. Y. 

Wollgast, L. A., Detroit Edison Co., Detroit, Mich. 
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Foreign 


Babb, R. J , Westinghouse Elec. Int]. Co., Mexico, 
. F., Mex. 
ee A., Westinghouse Elec. Intl. Co., Mexico, 


. F., Mex. 

Denholm, N. H., North-Eastern Elec. Supply Co., 
Ltd., Newcastle-upon-Tyne, 4, Eng. 

ae E., Apt. Postal 1194, Mexico, D. F., 


ex. 
Mehta, P. L., 66 K. V. Substa., Lyallpur, Punjab, 
India. 
Ramamurty, B., Vizgapatam Elec. Sup. Corp., 
_ Vizagapatam, India. 
Singh, B., P. W. D. Elec. Branch, Punjab, India. 
Ugalde, J., Saltos del Duero, Bilbao, Spain. 


8 Foreign 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute rec- 
ord. Any member knowing of corrections to these 
addresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., New 
York, N.Y. 


Blane, Victor, 153 Boulevard Lefebvre, 
France. 

Crite, Mitchel, 32 E. 126th St., New York, N. Y. 

Ghosh, K. C., c/o Compagnia Generale Di Elettri- 
city, 34 Via Borgognone, Milan, Italy. 

Hoole, Fred C., 303 Le Roi Road, Pittsburgh, 

2, 

Kummer, Emil F., Box 898, Bridgeport, Conn. 

Patel, Ishvarlal B., 5 Second Carpenters St., Bom- 
bay, 4, India. 

postin Samuel B., 1141 S. Central Park, Chicago, 
Ill 


Paris, 


Spiegel, William F., 7 Stegman Court, Jersey City, 
N. J 


8 Addresses Wanted 


Stree 


Msterature 


New Books 
in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
recently, are the following which have been 
selected because of their possible interest to 
the electrical engineer. Unless otherwise 
specified, books listed have been presented 
‘gratis by the publishers. The Institute 
assumes no responsibility for statements 
made in the following outlines, information 
for which is taken from the preface of the 
book in question. 


HANDBOOK of CHEMISTRY and PHYSICS 
a Ready-Reference Book of Chemical and Physical 
Data. 20ed. ed. by C. D. Hodgman. Chemical 
Rubber Pub. Co., 1935. 1951 p., tables, 7x4 in., 
lea., $6.00. New edition of a handbook for chemists 
and physicists, including in the revisions the sec- 
tions on X ray spectra and on photometry. 


MACHINERY’S YELLOW-BACK SERIES. 
N. VY. Machinery, 148 Lafayette St., 1935. 14 
to 22 p., illus., 51/2x81/2 in., $.15 each; , 8 for 
$1.00. A series of 50 pamphlets, each of which 
discusses a specific topic, including advice on elec- 
tric motors, change gears, patents, plastics, steels, 
welding, brazing, etc. 


MAKING aLIVINGin RADIO. By Z. Bouck. 
N. Y. and Lond., McGraw-Hill Book Co., 1935. 
222 p., illus., 8x6 in., cloth, $2.00. A survey of 
the opportunities, required training, and the prob- 
lem of getting a position. 


THE METAL—IRON. (Alloys of Iron Re- 
search, Monograph Series.) By H. E. Cleaves 
and J. G. Thompson. Published for the Engineer- 
ing Foundation by McGraw-Hill Book Co., N. Y., 
1935. 574 p., illus., 9x6 in., cloth, $6.00. A 
review of the available information on the prepara- 
tion and properties of metallic iron of high purity 
including an extensive select bibliography. 


FEBRUARY 1936 


METHODS of MEASUREMENT of DIELEC- 
TRIC CHARACTERISTICS at COMMERCIAL 
FREQUENCIES, by J. B. McCurley. A reprint 
from the Proceedings of the American Society for 
Testing Materials, Phila., v. 35, pt. 2, 1935. 17p., 
illus., 9x6 in., paper, $.17. Describes a modifica- 
tion of the Doyle and Salter transformer bridge 
which offers a rapid, reasonably accurate method 
for determining dielectric characteristics; and 
a modified Schering bridge. The methods of 
operation are discussed, the mathematical treat- 
ment is outlined, and some experimental results are 
reported. 


SOUND, an Elementary Textbook on the Sci- 
ence of Sound and the Phenomena of Hearing. 
Bye Re Watson. N. Y., John Wiley & Sons, 
1935. 219 p., illus., 9x6 in., lea., $2.50. A 
nonmathematical treatment of acoustic phenomena 
devoted to the mechanical actions of sounding 
bodies and the physiological and psychological re- 
sponses in hearing. 


1935 SUPPLEMENT TO BOOK of A.S.T.M. 
STANDARDS. Phila., American Society for 
Testing Materials. 1935. 208 p., illus., 9x6 in., 
paper, $1.50 (to members $1.00). A second 
supplement. to the 1933 book of A.S.T.M. stand- 
ards, containing 36 standards which were adopted 
or revised in September 1935. 


TASCHEN BUCH fiir SCHIFFSINGENIEURE 
und SEEMASCHINISTEN. By E. Ludwig. 
Munich and Berlin, R. Oldenbourg, 1935. 633 
p., illus., 7x4 in., cloth, 12 rm. A pocketbook for 
Sa a engineers which includes electrical equip- 
ment. 


Deutsches Museum Abhandlungen und Berichte, 
Jg. 6, Heft 4. RONTGEN und SEINE ENT- 
DECKUNG, by P. Debye. Berlin, VDI-Verlag, 
1934. 103 p., illus., 8x6 in., paper, 90 rm. A 
biographical address delivered at the annual meet- 
ing of the Deutsches Museum, May 7, 1934. 


ANALYTICAL and APPLIED MECHANICS. 
By C. R. Clements and L. T. Wilson. N. Y. and 
Lond., McGraw-Hili Book Co., 1935. 420 p., 
illus., 9x6 in., cloth, $3.75. Aims to provide a 
thorough first course in mechanics, and to present 
a wide variety of applications, together with many 
problems. 


_DIESEL and Other Interna!-Combustion En- 
gines. By H. E. Degler. Chicago, American 
Technical Society, 1935. 237 p., illus., 9x6 in., 
cloth, $2.50. A brief, practical account of the 
development of these engines, adapted to the needs 
of owners and operators. 


ANECDOTAL HISTORY of the SCIENCE of 
SOUND, to the Beginning of the 20th Century. 
By D. C. Miller. N. Y., Macmillan Co., 1935. 
114 p., illus., 9x6 in., cloth, $2.50. An informal 
record of the principal events in the history of 
sound, bringing together much widely scattered 
information. 


COLLEGE PHYSICS. By C. E. Mendenhall, 
A. S. Eve, D. A. Keys. Boston, N. Y.. and Lond., 
D. C. Heath and Co., 1935. 592 p., illus., 9x6 in., 
cloth, $3.76. A text for an introductory course in 
physics for university or junior college students, 
with mathematical requirements reduced to a 
minimum. 


COMMUNICATION NETWORKS. Views 
The Classical Theory of Long Lines, Filters, and 
Related Networks. By E. A. Guillemin. N. Y., 
John Wiley & Sons, 1935. 587 p., illus., 9x6 in., 
cloth, $7.50. Intended to present a thorough 
treatment of the transmission line as a communica- 
tion facility, this volume leads into the field of 
filter theory and its related problems, pertaining 
more generally to network theory as a whole, and 
applies to the power as well as the communication 
aspects. 

DRAFTING for ENGINEERS. By C. L. 
Svensen. 2 ed. N. Y., D. Van Nostrand, Co., 
1935. 554 p., illus., 10x6 in., cloth, $3.00. A 
comprehensive course of instruction, based on 
present industrial and professional standards, 
covering the entire field of engineering drawing, 
with chapters on certain special subjects. 


ELECTRIC MELTING PRACTICE. By 
A. G. Robiette. Phila., J. B. Lippincott Co., 1935. 
324 p., illus., 9x6 in., lea., 15s ($7.50). Considers 
the electric furnace from the point of view of the 
practical metallurgist, offering a review of current 
practice in electric melting by various methods. 


ELECTRICAL MEASUREMENTS in Prin- 
ciple and Practice. By H. C. Turner and E. H. W. 
Banner. Pittsburgh, Instruments Publishing Co., 
1935. 354 p., illus., 9x6 in., cloth, $4.50. Intended 
primarily for engineers making occasional electrical 
measurements, the book gives a general account, 
without mathematical and theoretical matters, 
of the types of measurements and instruments. 


KURZSCHLUSSTROME in DREHSTROM- 
NETZEN, Berechnung und Gegrenzung. By M. 
Walter. Munich and Berlin, R. Oldenbourg, 1935. 
146 p., illus., 1Ox7in., paper,6.50rm. A systematic 
account of short-circuit phenomena, the varieties 
of short circuits, their effects, and the methods of 
protection. 


MESSBRUCKEN und KOMPENSATOREN. 
Bd. 1. Theoretische Grundlagen. By J. Krénert. 
Munich and Berlin, R. Oldenbourg, 1935. 282 
p., illus., 10x7 in., cloth, 13.80 rm. Intended as 
a reference book for the designer and maker of 
measuring bridges and potentiometers, the book 
aims to cover the various types in practical use, 
to provide a systematic account of basic theory and 
to give a survey of present developments. 


MODERN RADIO ESSENTIALS. By K. A. 
Hathaway. Chicago, American Technical Society, 
1936. 200 p., illus., 9x6 in., cloth, $2.00. An 
elementary, nonmathematical account of the funda- 
mental theory and the essential principles of trans- 
mitting and receiving instruments. 


PREPARATION of ENGINEERING RE- 
PORTS. By T. R. Agg and W. L. Foster. N. Y. 
and Lond., McGraw-Hill Book Co., 1935. 192 
p., illus., 8x5 in., cloth, $1.75. Discusses the collec- 
tion of data, arrangement of subject matter, style, 
illustrations, and other practical matters. 


RADIO ENGINEERING HANDBOOK. Ed. 
by K. Henney. 2 ed. N. Y. and Lond., McGraw- 
Hili Book Co., 1935. 850 p., illus., 7x5 in., lea., 
$5.00. A thorough revision of the former edition 
to cover recent advances in radio engineering, 
intended primarily to provide a convenient com- 
pilation of the data required by the designer and 
operating engineer. 


STEAM PLANT OPERATION. By E. B. 
Woodruff and H. B. Lammers. N. Y. and Lond., 
McGraw-Hill Book Co., 1935. 368 p., illus., 8x6 
in., cloth, $3.00. Provides a knowledge of the 
fundamental principles of stationary engineering, 
with approved methods of operating all the equip- 
meut usually found in power plants. 


BOOK of A.S.T.M. TENTATIVE STAND- 
ARDS Issued Annually, 1935. Phila., Am. Society 
for Testing Materials, 1935. 1591 p., illus., 9x6 
in., cloth, $8.00; paper, $7.00. Contains 290 
specifications, methods of testing, definitions, and 
recommended practices which have been proposed 
as standards, but not yet so adopted, for many 
materials, including insulation. 


DAMPF TURBINEN KRAFT WERKE 


KLEINER und MITTLERER_ LEISTUNG. 
By F. Aschner. Berlin, Julius Springer, 1935. 
145 p., illus., 9x6 in., cloth, 9 rm. Considers 


the construction of steam turbine electric plants 
with reference to the requirements of the smaller 
installations. 


DIESEL ENGINEERING HANDBOOK. ed. 
by L. H. Morrison. de luxe ed. N. Y., Diesel 
Publications, Inc., 1935. 831 p., illus., 9x6 in., 
leather, $5.00. Provides practical information 
upon the operation and maintenance of Diesel 
engines. 


F. H. RICHARDSON’S BLUEBOOK of 
PROJECTION, Sound Section in. Collaboration 
with Aaron Nadell. By F. H. Richardson. 6 ed. 
N. Y., Chicago, Lond., Paris, Quigley Pub. Co., 
1935. 709 p., illus., 9x6 in., leather, $5.00 (by 
mail $5.25). An exposition of motion picture pro- 
jection, including sound reproduction. 


TRANSIT ENGINEERING, Principles and 
Practice. By J. K. Tuthill. Planographed and 
published by John S. Swift Co., St. Louis, Chicago, 
N. Y. 1935. 334 p., illus., 11x8in., paper, $4.50. 
A textbook account of electric railway practice, 
including power generation and _ distribution, 
motors, brakes, cars and car equipment, feeder 
systems, train control, electric locomotives, gaso- 
line, oil-electric and other self-propelled cars and 
trains, and motor and trolley omnibuses. 


Engineering Societies Library 
99 West 39th Street, New York, N. Y. 


AINTAINED as a public reference library 

of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 


dastial Notes 


Business Attributable to New Develop- 
ments.—Indicating the importance of sus- 
tained industrial research, an analysis for 
the five depression years 1930-1934 shows 
that the ratio between business attributable 
to “new’’ lines of products (that is, lines 
not manufactured more than ten years 
prior to the year under consideration) 
and total business for all lines manufac- 
tured by the General Electric Company, 
was, on the average, approximately 10 per 
cent higher than for the five prosperity 
years 1926-30. Being based on entire lines, 
the above analysis excludes many important 
new developments within lines manufac- 
tured more than ten years prior to the year 
under consideration. The analysis, there- 
fore, is on the conservative side. 


Empire Sheet & Tin Plate Promotions.— 
According to a recent announcement, 
Stanley A. Richardson has been appointed 
general sales engineer of the American 
Sheet & Tin Plate Co., Mansfield, O. For 
the past 5 years Mr. Richardson has served 
as chief metallurgist. Glenn L. Bierly 
has been appointed general purchasing 
agent and assistant treasurer of the com- 
pany. He was previously auditor and 
comptroller. 


Tin Consumption Increased.—The January 
issue of the International Tin Research and 
Development Council’s Bulletin published 
by The Hague Statistical Office gives some 
prelimiary figures of tin production and 
consumption in 1935. World production 
was 138,000 tons and consumption was 
142,000 tons in the calendar year 1935, 
compared with 108,637 tons and 117,681 
tons, respectively, in 1934. Although the 
consumption figures show an encouraging 
increase of 20% over 1934 they are still 
considerably lower than the record level of 
178,028 tons reached in 1929. Considering 
the twelve month period ended November 
1935, the only country for which there is an 
appreciable decrease in consumption is 
France, and this may be due to the transfer 
of the Saar from France to Germany in 
February 1935. The increase of 11.9% 
in Germany was almost exactly equivalent 
to the decrease in France. Notable in- 
creases are recorded for U.S.A. 34.7%, 
Russia 27.6%, and Italy 42.3%. 


New Automatic Potentiometer.—An auto- 
matic potentiometer in which the balancing 
circuit is continuously and rapidly adjusted 
by photoelectric control has been an- 
nounced by the Weston Electrical Instru- 
ment Corp., Newark, N. J. The instru- 
ment provides a highly sensitive means for 
indicating or recording voltage or current at 
ranges as low as 2 millivolts or 5 micro- 
amperes full scale, or even lower if re- 
quired. Temperature, pH values, or other 
physical quantities convertible to electrical 
terms may be indicated, recorded or con- 
trolled with a speed and precision hitherto 
unattainable in dealing with the minute 
electrical input encountered in many such 
applications. The instrument furnishes an 
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indicating current capable of operating a 
number of meters, recorders, control re- 
lays, etc. 


New Connectors.—A new line of clamp type 
connectors, known as the V-line, has been 
announced by the Burndy Engineering 
Co., Inc., New York. The basis of design 
in this group of connectors for wire and 
cable is the use of a Durium U-bolt which, 
by the forging process, is broadened at the 
clamping area. The advantage of this 
type of connector is that each clamping 
element can accommodate a wide range of 


_ cable sizes and yet, because of the broad 


pressure area, will not injure the cable 
strands. Durium, of which the U elements 
are made, is a special copper alloy having 
an ultimate tensile strength greater than 
steel and, at the same time, it will not cor- 
rode or season crack. The V-line of clamp 
connectors can, therefore, be used along 
the seacoast and in corrosive industrial 
atmospheres. All forms of connectors are 
available for conductors ranging from No. 8 
stranded to 2,000,000 CM. 


Impulse Oil-Blast Circuit Breakers.—The 
impulse oil-blast principle, basis of the de- 
sign of the spectacular 287,500-volt circuit 
breakers built by General Electric for the 
Boulder Dam lines, has been applied to 
138,000-volt service. Four such triple- 
pole breakers have been furnished by G-E 
to the Bureau of Power and Light of the 
City of Los Angeles, for installation at the 
station where 287,500-volt power coming 
from Boulder Dam is stepped down to 188,- 
000 volts. Like the larger FG-30 type, 
the new FG-20 breaker is radically different 
in appearance, and a long step forward in 
performance. The breaker will open a 
circuit in a twentieth of a second (three 
cycles) from the time the high-speed 
trip relay is energized; 188,000-volt cir- 
cuit breakers heretofore built have re- 
quired about an eighth of a second (eight 
cycles), A triple-pole FG-20 breaker con- 
tains only 1100 gallons of oil, less than a 
quarter of the 4700 gallons required for a 
conventional eight-cycle breaker having 
the same interrupting rating. 


Teele Leteratare 


Tachometers.—Bulletin 935, 4 pp. De- 
scribes electrical indicating and recording 
tachometers. The Esterline-Angus Co., 
Indianapolis, Ind. 


Electric Furnaces.—Bulletin, 20 pp. De- 
scribes Heroult 3-phase electric furnaces, 
one-half to 100 tons capacity. Installa- 
tions and schematic layouts are illustrated. 
American Bridge Co., Frick Bldg., Pitts- 
burgh, Pa. 


Asbestos-Covered Conductors.—Catalog, 16 
pp. Describes asbestos insulated wires and 
cables; gives specifications, engineering 
data, and illustrated construction details. 
National Electric Products Corp., 1215 
Fulton Bldg., Pittsburgh, Pa. 


New Gear-Motors.—The Wagner Electric 
Corp., St. Louis, has developed a line of 
fractional-horsepower gear-motors  suit- 
able for direct connection to equipment 
requiring special speeds. They are avail- 
able in single-reduction and double-reduc- 
tion types, with speeds as low as 6 rpm. 


Diesel Generator Sets.—Bulletin, 4 pp. 
Describes Diesel electric direct-connected 
generator sets, consisting of a Diesel engine 
equipped with auxiliary fuel pump, con- 
nected to an electric generator; available 
in 25, 40, and 60 kw units, in a-c or d-c 
models. Caterpillar Tractor Co., Peoria, 
Ill. 


Mercury Vapor Lamp Fixtures.—Bulletin 
256, 28 pp. Describes the new 400 watt, 
high-intensity, mercury vapor lamp for 
various types of interior and exterior il- 
lumination. Includes complete data, il- 
lustrations, dimensions and list prices on 
lighting fixtures for this lamp. Benjamin 
Electric Mfg. Co., Des Plaines, Ill. 


Service Cable.—Bulletin GEA-1791B, 12 
pp. Describes rubber-insulated, service 
cable for installation from pole line to and 
into buildings. Includes overhead, tamper- 
proof, unarmored and armored non-tam- 
perproof types; and underground, armored — 
“Parkway” types, metallic and nonmetallic. - 
General Electric Co., Schenectady, N. Y. 


Insulators.—Bulletin 123, 12 pp. De- 
scribes line post and station post insulators. 
Includes drawings, photographs, and a com- 
prehensive technical discussion of the char- 
acteristics of these new developments; 
also, reports of numerous tests, and installa- 
tion illustrations. Lapp Insulator Co., 
Inc:, Le Roy, N. Y. 


Electric Furnaces.—Catalog ‘Modern 
Melting,’ 48 pp. Contains general melt- 
ing information, a catalog of various rock- 
ing arc furnaces, and a section for auxiliary. 
furnace and foundry equipment. A sec- 
tion of special interest to power companies 
isa feature. Detroit Electric Furnace Co., 
825 W. Elizabeth St., Detroit, Mich. 


Smoke-Density Recorder.—Catalog N-93 
12 pp. Describes the ‘‘Micromax’”’ smoke 
density recorder, which measures smoke 
density at the stack, indicates and records 
it on a large dial wherever needed, and 
signals major changes if desired. In this 
equipment two streams of stack gas are 
continuously drawn through widely sepa- 
rated inlets by an aspirator and merged in 
a sampling chamber. Through the entire 
length of this moving sample, radiation 
passes from an electric lamp at one end toa 
thermopile at the other. This radiation, 
falling on the thermopile in inverse pro- 
portion to the density of the smoke sample 
through which it passes, generates an elec- 
tromotive force (voltage) which is measured 
by the Micromax recorder. Leeds & 
Northrup Co., 4962 Stenton Ave., Phila- 
delphia, Pa. 
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